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The greater portion came over below 32°, but the temperature 
finally rose to 56°. : 

The isopentane, which in addition to the higher-boiling 
impurity contained a small quantity of a very volatile sub- 
stance, was then fractionated ten times, and was finally 
collected in two fractions both of which boiled quite con- 
stantly at 27°45 under a pressure of 748°5 millim. 


Proofs of Purity of the Isopentane. 


It seemed at first rather doubtful—from its method of 
formation and from its behaviour with sulphuric and nitric 
acids—whether the isopentane could be obtained in a pure 
state ; but the impurities were removed without much diffi- 
culty by fractional distillation, and the following evidence 
leaves no doubt that the substance was satisfactorily purified :— 

1. The two fractions boiled at precisely the same tempera- 
ture and both quite constantly. 

2. The specific gravities of the two fractions at 0° were 
practically identical (0°63925 and 0°63922). 

3. The critical temperatures and pressures of the two 
fractions were in very close agreement (see p. 609). 

4, The vapour-pressures of both fractions were determined 
at a great number of different temperatures and agreed very 
well together. 

5. The vapour-pressure was found to be entirely indepen- 
dent of the relative volumes of liquid and vapour. ‘The 
experimental results at two temperatures, 90° and 140°, have 
already been published in a paper read before the Physical 
Society (Phil. Mag. Dec. 1894, p. 569; ante, p. 271). The 
object of the paper was to show that the vapour-pressure of 
a pure substance at any temperature is independent of the 
relative volume of liquid and vapour ; but since it is well known 
that the vapour-pressure of an impure liquid does depend 
on the volume*, the invariability of the vapour-pressure in the 


'* It is true that in a limited number of special cases a particular 
mixture of two substances at a given temperature exerts a lower vapour- 
pressure than any other mixture (e. 4g. formic acid and water), or a 
higher vapour-pressure (e.g. propyl alcohol and water), and that the 
vapour-pressure of such a mixture at that temperature is independent of 
the relative volumes of liquid and vapour; also that such a mixture 
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case of my specimen of isopentane may perhaps be adduced 
as evidence in favour both of the purity of this particular 
substance and of the behaviour of pure substances in general. 
In any case the other proofs of purity appear to be sufficient. 
6. In the course of the determinations of the volume of a 
gram of vapour with a modified Hofmann’s vapour-density 
apparatus the vapour-pressure was measured at a few tempe- 
ratures, and a comparison of these pressures with those read 
from the curves constructed from the data obtained by the 
dynamical method shows that the agreement: is satisfactory. 


Vapour-Pressure. 


Temperature. Statical. | Dynamical. Ap. At. 
| 106 401-0 4000 +10 —0-05 
10°85 4056 | 408-95 41:65 -01 
| 11-05 406"1 40715 —1-05 + 0:05 
16 55 1996 | 5036 —40 +02 


7. The agreement of the boiling-point, specific gravity, 
vapour-pressures at high temperatures, and critical constants 
with those of a specimen of isopentane prepared by G. L. 
Thomas and myself from amy] iodide. 


Boiling-Point. 

The isopentane was always distilled over phosphorus pent- 
oxide immediately before being used for any determination, 
and there are thus a considerable number of observations of 
the boiling-point. They are given in the table below, together 
with the boiling-points corrected to 760 millim. pressure. 


would boil at a constant temperature and distil unchanged in composition 
under that pressure; but it has been found in such cases that the com- 
position of the mixture which has a maximum or minimum vapour- 
pressure (and a constant boiling-point) differs to some extent at different 
temperatures (and pressures). In such a case, therefore, it might be 
found at a certain temperature that the vapour-pressure of the mixture 
was independent of the relative volumes of liquid and vapour, but it is 
in the highest degree improbable that a similar result would be obtained 
with the same mixture at a widely different temperature. 
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The value of dp/dt at the boiling-point = 26-2 millim. The 


boiling-point, calculated from the constants for Biot’s formula, 
is 27°-95. 


Fracrion A. Fraction B. 
Temperature. Temperature. 
Pressure. PL aha Pressure. C rome 
; orrectel 

Observed. ry 7 eee | Observed. to 760 mm. 
745-4 27°3 27°85 748-5 27°45 279 
748-5 27°45 27°9 7511 27-55 27:9 
749-0 27-55 * 27°95 751-2 27°6 27:95 
761-2 27°6 21-908 TON 27-65 * 27°95 
753°5 27:7 D(CO0- al) aoe 4: 27 65 * 27°95 
758:°9 27:9 * 27°95 7591 27:95 * 28:0 
7591 27-95 * 28°0 bP Ol. .28°0 295s | 
7619 28:0 27-95 
765°3 28°15 27°95 Meare... 27°95 

Mean ...... 27°95 


* The temperatures marked with an asterisk were determined with a 
Geissler’s normal thermometer. 


Boiling-Points by other Observers. 


1Byle 
Name. Reference. Pressure. B.P. sero 
° fe) Cc °o 
Herschmidt ... 1... Annalen, eclxvi. p. 282. 760°'7 31-83 31-383 
~2. Pawlewski ...... Ber, xvi. p. 2633. 760 Wiese! 
2) RIG ONIES Aa emecanc Annalen, ccxx. p. 87. 760 .. 805-315 
BrmeRZOLAM Saher. aie) ets > « Trans. Chem. Soc. xlv. p.445. 760 oc 29-32 
5. Thorpe and Rodger Phil. Trans. clxxxv. A, p. 453. 760 * 30°4 
6. Schorlemmer .... Proc. Roy. Soc. xvi. 760 6 30 
7. Goldstein ........ J. Russ. Chem. Soc. 1882,p. 45. 760 in 30°5 
8. Beilstein and ped : 
Kouslalow Ber, xiv. p. 1620. ai a 30 
DIP NNATEZ) ae) ne opsie-s Annalen, exxviii. p. 229. xi Bis 28-30 
pe ciguse and | Jahres. xvi. p. 527. 6, nae 6 
ahours  { 
}l Lachowitz ...... Annalen, ecxx. p. 188. ie ais 29-30 
(12. Frankland ...... Trans.Chem.Soc.iii.pp.31& 481. 734 30 31 
MPs USHI sc. wee es Annalen, cexx. p. 146. we i 30 
14. Landolt and Jahn. Zeit. Phys. Chem. x. p. 290. 760 x 28 
mealischulll <7 s.6 1 = Ibid. xi. p. 590. 760 ae 28 


Mr. J. W. Rodger has kindly informed me that he has prepared spe- 
cimens of isopentane from amyl iodide obtained from both Scotch and 
282 
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Irish samples of amyl alcohol, and that they boiled within 0°-05 and 0°-02 
respectively. The observed boiling-points were :— 


From Irish amyl alcohol.... 28°-04, 
» scotch ag 35 28°01. 


1. Obtained from Trommsdorff (from American petroleum) dried with phos- 
phorus pentoxide and fractionated. Schmidt states that the sample 
contained a considerable quantity of normal pentane. 

2. Source not stated. 

3. Separated from commercial amylene by treatment with sulphuric acid 
diluted with its own weight of water. Residue treated with concentrated 
sulphuric acid until the acid was no longer coloured, Distilled and 
heated to 130° with sodium. 

4-6. Specimens prepared by Schorlemmer from petroleum. 

8. From Caucasian petroleum. 

9. From crude amylene by action of bromine. 

10. From American petroleum. 

11. From petroleum from Galicia. 

12. By action of zine and water on amy] iodide. 

13. By action of zine and hydrochloric acid on amy] iodide. 

14, 15. Separated from amylene by means of bromine. The substance is 


called ‘“ pentane.” 

As these observations of the boiling-point of isopentane, 
with the exception of those of Landolt and Jahn, Altschul, 
and Rodger, are considerably higher than mine, a specimen 
of isopentane was prepared by Thomas and myself from amyl 
iodide ; the method of preparation and the observations of the 
boiling-point, specific gravity, and critical temperature and 
pressure are given in a separate paper. ‘These observations 
agreed perfectly with those described in this paper. The 
boiling-point was 27°95 at 760 millim. 


Specific Gravity. 
The specific gravity of each fraction was determined at two 


different temperatures by Sprengel’s method as modified by 
Perkin. The weighings were reduced to a vacuum. 


Temperature. Fraction A. Fraction B, 

0° 0°63925 0.63922 
14°-4 0°62514 

13°45 sot 062614 


» 


The specific gravity at 0° of the sample prepared by 
Thomas and myself was °63935. 
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Specific Gravities by other Observers. 


Name. Sp. gr. at 2°. Sp. gr. at 0°. 
Schiff .............5.... 06282 at 13:7 0-6416 
Pelouse and Cahours. 0628 —_,, 18 0°6458 
Miran K A §opccsag << 0°6413 ,, 11:2 0°6524 
one ere 0°6385 ,, 14:2 0°6526 
sane FO Brahe 0°6375 =, 13/13 0-6500 
artoli an 
See 1a eae 06402 ,, 0 0-64102 
Landolt and Jahn ... 0°62656 ,, 14°3 
..- 0°62472 ,, 16°2 ; 
a g 9.89978 ¢ 18°9 Mean ... 0°64058+ 
s is ... 0°62074 ,, 20°0 
ROTI Ge Lanes Sees se 0°62479 ,, 15/15 0°63893 
Se eee cee 0°61590 ,, 25/25 063888 


The specific gravities at 0° were calculated from the obser- 
vations at higher temperatures by means of the forrnula 


D,=0°63923 — 0:0,958¢—0-0;1322. 


This formula agrees very well with my experimental results 
up to 60°. 


My observations agree very well with Perkin’s, although 
the specimen examined by him boiled between 29° and 32°. 
It was prepared by Schorlemmer, and, no doubt, contained 
some normal pentane, the specific gravity of which differs but 
slightly from that of isopentane. 


Critical Constants. 


Fraction A. Fraction B. 
—_ ——~ SS ws 
Tem- Pres- Tem-  Pres- 
perature. sure, perature. sure. 
‘ millim, 6 millim- 
With Aniline vapour as jacket ... (1) 187:75 25020 187°75 25000 
(2) 187°8 25020 
Quinoline _,, i" .. (1) 18785 250380 187°85 25020 


(2) 1879 25020 


* Beiblitter, ix. p. 697. : 
+ Landolt and Jahn calculate the specific gravity at 0° as 064116. 
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The mean values are :— 


Critical temperature 


Critical 


pressure 


187°°8 


25015 millim. 


The sample prepared by Thomas and myself gave the 


following results :— 


187°8. 
25030 millim. 


The critical volume of a gram, calculated by the method of 
Cailletet and Mathias from the mean densities of liquid and 
saturated vapour at lower temperatures, is 4°266 cub. centim. 


Critical temperature 
Critical pressure 


Critical Constants by other Observers. 


Temperature. Pressure. 
e millim. 
Schmidt 193:0 
Pawlewski 194°8 
Altschul 187°1 25300 


It may be pointed out that Schmidt’s sample of isopentane 
contained some normal pentane, which would raise the critical 
temperature, and that Pawlewski’s observations of critical 
temperature are in most cases somewhat higher than mine. 
On the other hand, those of Altschul agree well in the few 


cases that can be compared. They are given in the table 
below :— 


ALTSCHUL. Youne. 
Temperature.| Pressure. ||Temperature.| Pressure. | 
c atm ° atm. 
Normal Hexane ... 234°5 30:0 2350 29°76 
IBenzenereesennssucte 290°5 50:1 288°5 47-9 
Chlorobenzene ...... S02:2, (al) Sener | SOD a eee 
a a 


* Corrected for error in the boiling-point of mercury, 
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a 
Vapour-Pressures at Low Temperatures. 


The vapour-pressures at temperatures below the boiling- 
point under atmospheric pressure were determined by the 
dynamical method of Ramsay and Young (Trans. Chem. Soe. 
xlvii. p. 43). 

For temperatures below 0° a thermometer by Warmbrunn, 
Quilitz, & Co. of Berlin was employed ; it had been stan- 
dardized by the Physikalisch-Technische Reichsanstalt. The 
effect of alteration of pressure on the readings of the thor- 
mometer was ascertained and allowed for, and the very small 
correction for the heated column of mercury in the stem of 
the thermometer was also applied. 

The logarithms of the vapour-pressures were mapped against 
the temperatures, and the values at each ten degrees were read 
from the curve. The observed pressures are given in the table 
below, and the pressures at even temperatures in the table on 


p- 613. 


Vapour-Pressures at Low Temperatures, 


Tem- Tem- Tem- ; 
perature. Pressure. perature. Pressure. perature, Pressure. perature. Pressure. 
Sample A (1). 

a millim, a millim. a millim. 6 millim. 
—31°83 | 52:7 — 26°18 71-85 | —12°86 | 143-4 —3:48 221°6 
—31:38 | 53:95 | —23°59 83-2 |—1271 | 14415 | —0°81 249-7 
—80°29 | 57-5 —23°01 849 |— 945 | 168-4 +0-10 259°1 
—28:88 | 62:3 | —20-45 98:0 | — 653 | 193-05 
—2653 | 71:0 |—16:13} 1221 |— 645] 1935 

Sample A (2). 
4+2°55 | 290°5 11°65 422°5 20°9 587°6 
56 330°8 14:9 4733 23°35 642°5 
9-0 3773 17°95 529°4 25°95 705°2 
Sample B (1). 
—31-:08| 54:75 )—25°91 | 78-45 | —1424]| 13405 | —482 208°85 
—29-47| 6071 | — 22°33 | 88:9 |—10°38 | 161°35 | —2-44 232°3 
—29-04| 61:75 | —18:06 | 110:95 | — 7-01 | 189°35 | +007 259°4 
Sample B (2). 
0-4 262°6 10:05 389°7 19-05 550°7 26°2 7 12:0 
TOT5 302°0 132 441-1 21:9 607°1 28:05 | 760°55 
6:65 841:3 | 16°35 499°8 24:2 661°2 
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Vapour-Pressures at High Temperatures. 


The volumes of a gram of liquid and saturated vapour and the 
yapour-pressures at temperatures above the ordinary boiling- 
point were determined with the pressure apparatus employed 
in my previous researches. The tube containing the isopentane 
was heated by the vapour of pure liquids boiling under known 
pressures (Ramsay and Young, Trans. Chem. Soe. xlvii. p.6403; 
Young, ibid. lv. p. 483). The temperatures are those of an 
air-thermometer. The pressures, determined by means of 
air-gauges, are corrected for (1) the difference in height of the 
columns of mercury in the air-gauge and volume-tube ; (2) 
the expansion of the heated column of mercury; (3) the 
pressure of the column of isopentane ; (4) the deviation of 
air from Boyle’s law, as determined by Amagat. 

There were eight series of determinations, and, as a rule, 
four readings of pressure were taken at each temperature, the 
volume being altered as much as possible. The individual 
readings agreed very well together, and the mean values only 
are given in the following table (p. 613). 

The constants for Biot’s formula 


log p=a + ba’ + cB! 
are given below. 


a=11°371605 ; 
b= —8-030139, log b=0-9047281, 
c=—1°575796, log e=0°1975000 ; 
log a =1:99968451, 
log B=1-99484097, 
t=t° C.+30. 


The vapour-pressures calculated from Biot’s formula are 
also given in the table. 
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Volumes of a Gram of Liquid and Vapour. 


In the first three series the mass of substance was deter- 
mined by observing the volumes of liquid at a series of 
temperatures. These volumes were mapped against the tem- 
peratures and curves drawn through the points. The values 
at 0°, 18°45, and 14°4 were read off and were multiplied by 
the specific gravities at. those temperatures. 

For Series 1V. and V. comparisons were made of the volumes 
of liquid and also of unsaturated vapour at a large number of 
different temperatures and pressures with those read from the 
curves constructed from the data obtained in the previous 
series, 

The mass of substance in Series VI. was similarly ascer- 
tained by comparison of volumes with those read from the 
isothermals of Series [V. and V. at the same temperatures and 
pressures. So also with the remaining series, the calculated 
mass depended in each case on the data obtained in the pre- 
ceding series. | 

A series of determinations of the volumes of unsaturated 
vapour was afterwards made by Thomas and myself in a 
modified Hofmann’s apparatus, the mass of isopentane being 
determined by direct weighing. The smallest volumes of a 
gram in this series were nearly the same as the largest in 
Series VIII. with the pressure apparatus ; and as the isother- 
mals constructed from the observations with the modified 
Hofmann’s apparatus were quite continuous with those of 
Series VIII., the determination of mass in this series—which 
might be charged with the cumulative errors of each preced- 
ing determination—was shown to be accurate. 


Orthobaric Volumes of a Gram of Liquid. 

The volumes at 0°, 18°45, and 14°4 were calculated from 
the specific gravities at the same temperatures. The observa- 
tions were made under atmospheric pressure, but the correction 
of the volumes to the true vapour-pressures has not been 
made, as the difference would be inappreciable. 

In the pressure apparatus the voiumes of liquid up to 130° 
were read directly, the vapour being completely condensed 
and the pressure made as nearly as possible equal to the 
vapour-pressure. At and above 140° the liquid is very com- 
pressible, and the volumes were therefore calculated from a 
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series of readings of the volumes of vapour and of the total 
volume of liquid and saturated vapour at each temperature 
by the method described in the Trans. Chem. Soc. Ixiii. 
p- 1200. 

The volumes of liquid (when all vapour is condensed) and 
of saturated vapour (when all liquid is evaporated) may 
also be ascertained very simply by the following graphical 
method :— 

Let the total volume (liquid and uncondensed vapour) at 

any reading= V. 


PA volume of saturated vapour at the same time=v. 

a », Of liquid when all condensed= A. 

5 », Of saturated vapour when all evapo- 
rated=B. 

# ratio of the specific volume of saturated vapour to 


that of liquid=R. 
> volume of liquid (2.e¢. V—v) =A —n. 
Then the volume of vapour, v =nR, 


and the total volume, V=A—n+nR, 
or V =A+4+n(R-1). 
Call oe ae 
a V=A+t Bone 
R. 
=A-+cv. 


If we map the total volumes, (V;, Vo, &c.) against the 
volumes of saturated vapour (v, v2, &c.) and draw a straight 
line through the points, then when 


gase VY =A, 
and when tay, View. 
Again, let the volumes of saturated vapour v at any read- 


ing=B—m. 
Also call the volume of liquid v’ when the total volume=V, 


(ipa Sad 
so that vo’ = R: 


Then the total volume, V=B—m-+ a 
R-1 


=B-—m. —— - 
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Make R-1l=¢, 
then m 
V=B-—(R-1). R 
= B _ elu!. 


If we map the total volumes Vj, Vo, &., against the volumes 
of liquid 2’, v2’, &c., then when 
=O SVD: 
v=V, V=A. 

The first method is better suited for the volumes of satu- 
rated vapour, the second for the volumes of liquid. 

The orthobaric volumes of a gram of liquid, calculated from 
the experimental data, and also those read from the curves con- 
structed from the observed values are given in the following 


table :— 
Orthobaric Volumes of a Gram of Liquid. 


and when 


From 
| Temp. Specific | Series T. | Series II. | Series III.| Mean. pie? 
Gravities. ; 
e CHC c. « c. C c. C CnC: Cc. C. 
0 TT lk. | aepege. INE aocmeo: {IP . abosos 15644 | 1°5644 
LO ie SB eens Dbiyetetiy Wy | abo lee" “secod. 15885 | 15885 
13°45 MAAR eeaooue — |P sacbasq® Il caidas 15971 | 1:5972* 
14:4 UIE oa soyicic |p otiboco’ S| “bododis 1:5996 | 1:5996* 
PUBS Nine aesec MD | Gedo = IP assoc 16140 | 16141 
OU Tate | Weaccere 16415 4) nan 16415 | 16413 
AE ates cess 16700 EGO! | —ecneo 1:6700 | 1:6700 
BW | aap or 17008 17 OU a eeteteae 1°7005 | 1°7005 
COR TD a snnas 1°7330 Le DA nlc 17335 | 1:7829 
UE tel Mot 17680 AT OSM etee estes 1°7680 | 1:7679 
SOM Becta 13045 IRE ||) ocoado 1:8050 | 1:8055 
QO ling nesecse 1-8475 Meee Wh aac 18475 | 1:8475 
OD; Al Saease 1:8945 TES tl cokes 18945 | 1:8940 
THOS i gececes 19455 Wet) || obncoe 19455 | 1:9455 
1 ee Fi noahs 2:0040 PHOOES || sosate 2°0035 | 2:0037 
130) eae. 2:0720 CRUE || aceco0 2:0720 | 2°0720 
UO a cece 2°1525 2°156 2°153 271540 | 2:1530 
TD 0 cope meee 2:2490 2°252 2°248 2°2495 | 2:2500 
LOO. us ta croapamuley wctocnte 2°378 2°377 2°3775 | 23780 
LTO i Reece ae seca 2°555 2°555 2-5550 | 2°5550 
(oka IAM eesti t ® wosanae. "IN wader 2°707 2°7070 | 2:7070 
TSO iat tp. Pocteaceaaml de pecc ne PHD)» lh Freee 2°8590 | 2*8580 
183." SS enact ieee 3°020 3°0200 | 3:0200 
Mie wee (Gmereccacem lly | eodtnoe OSS el cst 31830 | 3:1830 
USGS i) Warnes mul cencacea ame | Maree 3303 3°3030 | 3:3020 
1ST l Sie See Mean oO DOOM ancestes 3:5000 | 3:5000 
4 1874, ily weds TR tetas eli Mee enee 3°622 3°6220 | 3:6220 
a } Pr RS Many Bate el emp oe hoc ce 4-2660+ 


* From densities calculated from the formula 


D4=0'68923 —0:0,958 ¢—0:0,18 2?. 
t By the method of Cailletet and Mathias. 
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Orthobaric Volumes of a Gram of Vapour. 

The volumes of saturated vapour were determined by three 
different methods :— 

I. With the pressure apparatus from a series of four 
readings of the total volume of liquid and uncondensed vapour 
and of the vapour at each temperature at and above 110°. 

This method (Trans. Chem. Soe. Ixiii. p. 1200) gives very 
good results at high temperatures, but is not accurate when 
the ratio of the volume of a gram of saturated vapour to 
that of liquid is large. It has been described and recom- 
mended by Amagat (Compt. Rend. cxiv. p. 1098). 

The graphical method described on p. 614 may be employed 
to ascertain the volume of saturated vapour when all the 
liquid is evaporated, and this, divided by the mass of substance 
in the tube, gives the volume of a gram of saturated vapour. 

II. By heating a known quantity of liquid in a graduated 
sealed tube (Young, Trans. Chem. Soc. lix. p. 37; lxiii. 
p. 1201). 

The method was originally devised for the purpose of deter- 
mining the specific volumes (both as liquid and as saturated 
vapour) of liquids that attack mercury, but it has been found 
very convenient—in a modified and simpler form—for the 
determination of the volumes of a gram of the saturated 
vapours of ordinary substances whose specific volumes, as 
liquid, are known. The form of the sealed tube, the method 
of filling it, and the arrangements for heating it, are the same 
as are described in the paper referred to (vol. lix. pp. 40 and 
41), but it is, of course, unnecessary to keep the lower part 
of the tube cool, and the water-jacket below is therefore not 
required. 

The tube A is at first placed in the position shown in the 
diagram (fig. 1), with the level of the liquid in the tube below 
the condensed liquid B in the jacket. The liquid in the bulb 
C is then boiled—with the pressure rather lower than that cor- 
responding to the lowest temperature required—and when the 
vapour has reached the condenser* D the sealed tube is slowly 
pushed up through the indiarubber tube E until the whole 
of the liquid in it is well above the surface of the condensed 
liquid B. The indiarubber tube should be kept under water 
for a day or two before being used, and should be surrounded 
by water until the sealed tube has been pushed up into its 

* For liquids boiling above 160° a condenser is not required. 
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final position, otherwise considerable difficulty may be expe- 
rienced in moving the sealed tube through it. The little 
glass tube F, filled with water and provided with a very short 
indiarubber tube G moving easily over the sealed tube, serves 
to keep the indiarubber tube E moist. The sealed tube is 
easily centred by means of a perforated cork H, held in 
position by a clamp and retort-stand. After the tube is in 
position the pressure under which the liquid in C is boiling is 
slowly raised until it corresponds to the required temperature, 
and a reading of the height of the liquid is then taken. A 
second reading is then taken after two or three minutes, and 
if the volume of liquid is smaller readings are taken from 
time to time until constancy is attained. 

At moderate temperatures the volume of liquid should 
become constant almost immediately, but near the critical 
point the evaporation of the liquid becomes much slower, and 
this is especially the case if any appreciable amount of air or 
permanent gas is left in the tube. The amount of permanent 
gas must be exceedingly small, otherwise the results obtained 
are found to be inaccurate, owing probably to partial conden- 
sation of the vapour on the sides of the tube. 

After the reading has become constant the pressure is again 
slowly raised—care being taken not to drive down the vapour 
below the top of the sealed tube—until the next temperature 
is reached. 

If the top of the tube is cooled, condensation takes place 
in it, and there is danger of liquid remaining in contact with 
the walls of the tube, and of the apparent volume of liquid 
being therefore too small. 

For the same reason it is advisable to begin treating the 
tube in the manner described, for if the tube were placed in 
its final position at the beginning of the experiment the liquid 
would boil and would collect at the top of the tube. 

III. From the isothermals ; the points of intersection of 
the curves representing the unsaturated vapour with the 
horizontal lines of vapour-pressure give the volumes of 
saturated vapour. 

The logarithms of the volumes were mapped against the 
temperature, and the smoothed values read from the curve. 
These are given in the following table together with the 
values obtained by the three methods described above, 
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Volumes of a Gram of Liquid and of Unsaturated Vapour. 


Hight series of determinations were made in the pressure 
apparatus. 


ee ae of Mass AE 
eries. | Isopentane 2 Data obtained. 
Supbge a eee 
gram. | - 
dts A 0:30244 | Volumes of liquid up to 150°. 
f Volumes of liquid to critical point; a 
Ins ZN 0:09504 few volumes of unsaturated vapour at 
ETT, B 011516 — and above 176°; volumes above the 
[ critical point to 280°. 
: ~ {| Volumes of unsaturated vapour from 
a _ oe 140° to critical point; solace above 
; critical point to 280°. 
VE. B 0:00888 | Volumes of vapour at and above 90°. 
WANE B 0:003743 > 55 2 50°. 
VEEL. B 0 001225 | 3 , » 30°. 


In Series VI. to VIII. the volumes were determined at 
temperatures up to 280°, 

Correction of Pressures.—In addition to the corrections 
for the difference in height of the columns of mercury, the 
expansion of the heated column, and the deviation of air from 
Boyle’s law, there is another which is of importance at the 
highest temperatures, but is somewhat difficult to estimate. 
This is the correction for the vapour-pressure of mercury. 

It has been proved experimentally that the vapour of 
mercury penetrates a column of liquid over it with extreme 
slowness, and no correction has therefore been applied in the 
measurement of the vapour-pressure of isopentane or even of 
other substances with much higher critical temperatures. 

When, however, there is only gas over the mercury the 
vapour of the metal diffuses slowly through it, the rate of 
diffusion increasing as the pressure of the gas is diminished. 
Even with the smallest quantity of isopentane at its largest 
volume, when the pressure of the gas was little over an atmo- 
sphere, the maximum pressure at 280° was not attained until 
after about four hours’ heating. It is quite certain that with 
the larger quantities of substance a much longer time would 
be required, and as it was impossible, owing to other work, 
to keep the tube continuously heated for more than four or 
five hours, the only plan was to make an approximate estimate 
of the pressure exerted by the mercury-vapour. 

VOL. XIII. 27 
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In the determinations of the volumes of a gram of un- 
saturated vapour the readings were always taken with di- 
minishing volume, and at the higher temperatures the tube 
was heated for several hours with the substance at its largest 
volume. Readings were taken at short intervals, and were 
plotted against the time so as to get an idea of the rate of 
increase of the pressure. 

The time-curves at 280° for the last three series are given 
in fig. 2. It will be seen that in Series VIII. the rise of 
pressure was at first very rapid, but that after two hours it 
had become very slow, and that the pressure after four hours 
was practically constant. The vapour-pressure of mercury at 
280° is 158 millim., and the measured rise of pressure was 
85 millim. The difference is, no doubt, due to the fact that 
the readings could not be begun until after the tube had been 
heated for some little time. 

In Series VII. the rise was at first not quite so rapid as in 
Series VIII., and it was not until the tube had been heated 
for six hours that approximate constancy was attained. In 
this case the measured rise of pressure was 110 millim. 

In Series VI. the rate of increase of pressure was much 
slower than in the later series, and the pressure was far from 
constant after five hours; the last reading was 78 millim. 
higher than the first. 

It appears then that with the two smallest quantities of 
isopentane the mercury-vapour, after a sufficient time, exerted 
its full pressure, but that with the larger quantities the maxi- 
mum pressure was not attained ; also that when there is a 
column of liquid over the mercury no appreciable pressure is 
exerted by the vapour of the metal. 

It was assumed that in Series II. and III. the vapour- 
pressure of the mercury amounted to one fourth of its maxi- 
mum value ; in Series IV. and V. to one half, in Series VI. 
to three quarters, and that in the last two series the full 
vapour-pressure was exerted*. 

The time-curves for Series VII. and VIII. show that the 
error caused by assuming that the mercury-vapour exerted 
its full pressure cannot amount to more than one or two 

* In Series VII. the tube was heated for six hours at 250° and 280°, 
and for over four hours at 200° and 220°. Spas 

ek 
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millim. in Series VIII., and to three or four millim. in Series 
VII. ; and it is very unlikely that in the other series the error 
can amount to so much as a fourth of the maximum vapour- 
pressure of mercury. In Series VI., for instance, it is certain 
that the actual pressure exerted by the mercury-vapour was 
greater than half and less than the whole maximum pressure. 
At 280° the vapour-pressure of mercury is 158 millim., the 
rise of pressure actually measured 78 millim., and the pressure 
assumed to be exerted by the mercury vapour 118 millim. 
The error is therefore considerably less than 40 millim. At 
the largest volume the uncorrected pressure was 6174 millim., 
and the extreme error would therefore be under 0-7 per cent. 

This is by far the worst case, for the vapour-pressure of 
mercury diminishes rapidly with fall of temperature, whilst 
with the larger quantities of isopentane the total pressure is 
proportionately increased. Thus, at 260° (Series VI.) the 
extreme error, calculated in the same way, would be 0:4 
per cent., at 240° 0°25 per cent., at 200° 0°08 per cent., whilst 
at 280° (Series V.) it would be just over 0:2 per cent., and at 
280° (Series III.) less than 0-1 per cent. 

At temperatures above 150° the jacketing tube was pro- 
tected from draughts and from loss of heat by radiation by an 
outer cylindrical glass tube about 8 or 10 millim. wider than 
the jacketing tube, the space at the top between the two tubes 
being closed by asbestos to prevent the upward current of air 
which would otherwise be formed. It was still possible that 
the tube containing the isopentane lost some heat by radiation 
and that its temperature was therefore a little too low. 

In order to find whether this was the case the outer glass 
tube was covered with sheet asbestos after the eleventh 
reading at 280° in Series VIII. had been taken. It will be 
seen that the last two readings, with the tube doubly pro- 
tected, fall accurately on the time-curve constructed from the 
previous readings. 

Similar experiments had been made with the larger quanti- 
ties of isopentane, but in no case was any alteration produced 
by covering the outer tube with asbestos. It may therefore 
be concluded that up to 280° the cylindrical glass tube affords’ 
sufficient protection from radiation. 


The experimental results are given in the following 
Tables :— 


THERMAL PROPERTIES OF ISOPENTANE. 
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Volumes of a Gram of Liquid and of Unsaturated Vapour. 


Series [. 
Pressure.) Volume. Pressure.| Volume. 
Temp millim. | cub. em. Temp. millim. | cub. em. 
NO2naa8 790 | 1:5890 || 50°...... 43960 | 1:6710 
4030 | 1:5870 || (cont.) | 50660 | 1:6675 
7960 | 1:5850 54840 | 1:6655 
11520 | 1:5840 || 60°...... 2040 | 1:7330 
15140 | 1:5825 5300 | 1°7305 
20070 | 1:5810 8090 | 1:7275 
26310 | 1:5780 11690 | 1°7245 
82720 | 15755 15370 | 1°7215 | 
38350 | 1:5735 20360 | 1:7180 
43360 | 1:5715 26680 | 1:7125 
49970 | 1:5685 33180 | 1-7080 
54100 | 1:5675 38870 | 1:7035 , 
15°6 ... 810 | 1-6025 | 43960 | 1-7000 
4100 | 1:6015 | 50650 | 1:6955 
8110 | 1°5995 54840 | 1:6920 
11720 | 1:5975 || 70°...... 2690 | 1:7680 | 
15420 | 1:5960 5300 | 1°7660 
20430 | 1:5945 8100 | 1:7620 
26760 | 1:5915 11700 | 1:7590 
33300 | 1:5885 15380 | 1:7550 
89040 | 1:5855 20380 | 1°7515 
44150 | 1:5835 26710 | 1:7450 
50880 | 1:5820 33210 | 1°7395 
55080 | 1:5795 38920 | 1-7345 
S02: 820 | 1:°6415 44020 | 1-7310 | 
4110 | 1:6385 50720 | 1-7260 | 
8110 | 1:6365 54910 | 1:7220 
11730 | 1°6345 || 80°...... 3390 | 1:8045 | 
15410 | 1°6325 5620 | 1:8020 | 
20430 | 1:6300 8090 | 1:7990 
26770 | 1:6265 11690 | 1°7955 
33300 | 1:6235 15360 | 1:7910 
39020 | 1:6205 20360 | 1-7855 
44130 | 1:6185 26880 | 1:7795 
50860 | 16155 33200 | 1:7730 | 
55050 | 16135 38910 | 1:7675 
AQ... 1110 | 16700 44000 | 1:7625 
4110 | 1-6680 50700 | 1°7565 
8100 | 1:6660 54890 | 1-7525 
11710 | 1:6630 || 90°...... 4290 | 1:8475 
15390 | 16610 6000 | 1-8450 
20400 | 1:6580 8110 | 1:8420 
26740 | 1:6535 11710 | 1-:8365 
33250 | 1:6505 15400 | 1:8315 
38980 | 16470 20400 | 1-8255 
44070 | 1:6445 26720 | 1-8170 
50790 | 1:6415 33230 | 1:8090 
54990 | 1:6385 38950 | 1-8025 
SOS. 1530 | 1°7005 44040 | 1:7975 
5290 | 16975 50750 | 1°7910 
8080 | 1:6950 54940 | 1:7860 
11680 | 1:6925 || 100° . 5360 | 18945 
15360 | 1:6900 8130 | 1:8900 
20350 | 1:6870 11730 | 1:8830 
26670 | 1:6830 15410 | 1:8765 
33170 | 1:6785 | 20410 | 1-8690 
88870 | 1:6740 26740 | 1:8590 


fo Pressure.} Volume. 
P- | millim. | cub. em. 
100° ...) 383240 | 1°8500 
(cont.) 38960 | 1:8420 
44050 | 1:8355 

50760 | 1:8270 

54950 | 1:8225 

THOCREne 6580 | 1:9455 
8460 | 1°9405 

11740 | 1°9335 

15420 | 1:9260 

20420 | 1:°9170 

26750 | 1:9050 

83260 | 1:8945 

88990 | 1°8845 

44100 | 1:8765 

50800 | 1:8670 

54990.| 1:8610 

120% a 8020 | 2:0040 
10310 | 1:9970 

15400 | 1:9835 

20390 | 19705 

26700 | 1:9560 

83200 | 1°9420 

88900 | 1:9305 

43990 | 1:9215 

50700 | 1:9105 

54880 | 1:9035 

ee Oe Bae 9670 | 2°0720 
11740 | 2:0640 

15420 | 2:0505 

20430 | 2:0330 

26750 | 2:0150 

83260 | 1:9975 

388970 | 1:9835 

44070 | 1:9710 

50770 | 1:9570 

54950 | 1:9485 

140° ...| 11640 | 2°1525 
13030 | 2°1450 

15360 | 2°1320 

20330 | 271100 

26610 | 2°0835 

33070 | 2°0615 

38740 | 2°0440 

43800 | 2:0290 

50460 | 2°0120 

54620 | 2°0015 

150° 18800 | 2°2490 
15870 | -2:2365 

17740 | 2°2190 

20840 | 2-2010 

26620 | 271645 

83100 | 2°13385 

88780 | 2°1110 

43840 | 2:0920 

50520 | 2:0700 

54680 | 2:0580 
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Serizs II. 
Pressure.| Volume. Pressure.| Volume. a Pressure.| Volume. 
Temp. millim. | cub. em. Temp. yiillim. | cub. cm. Temp. -millim. | cub. cm. 
SO cee 800 | 1-642 || 180° ...| 386770 1:989 LS7ec8: 29110 | 2-791 
7920 | 1637 (cont.) 47.250 1-966 ||(Critical)| 31830 | 2°700 
15180 | 1:°632 || 140° ...) 11640] 2-156 (cont.) 34600 | 2°608 
31400 | 1:624 152380 | 2-133 39480 | 2°517 
46780 1617 25540 | 2:090 46740 | 2°426 
AOS: 1160 1670 36620 | 2-050 |} 190° ...| 25550 | 5°739 
7900 | 1:667 46920 | 2-021 25660 | 5871 
15140 1661 || 150° ...| 138800 | 2°252 25760 | 4999 
81850 | 1:652 17630 | 2:219 25860 | 4628 
46710 | 1:643 25560 | 27168 25880 | 4:258 
BO” es9 1535 | 1-700 386650 | 27118 25930 | 3-892 
7930 | 1:695 46950 | 2-081 26170 | 3:523 
15200 | 1-690 |] 160° ...| 16820] 2°378 26410 | 3340 
31450 | 1-678 17380 | 2°360 26980 | 3:156 
46860 1669 19950 | 2°329 28230 | 2:974 
COLe a 2037 1:734 25200 | 2:279 29300 | 2°882 
7930 1:729 31100 | 2°237 80980 | 2°792 
15200 1-723 86130 | 2°205 33300 | 2°700 
81450 | 1-710 40560 | 27182 386820 | 2-608 
46870 | 1:698 46270 | 2°156 41900 | 2:518 
TUS 38. 2656 | 1:°768 || 170° ...| 19110} 2°555 49310 | 2-426 
f eo 1762 20580 | 2°512 || 195° ...) 27010 5:740 | 
15190 | 1°754 25200 | 27425 27220 | 5:372 
314380 | 1:742 81100 | 2-354 27480 | 5-000 
46830 | 1-728 86130 | 2°307 276380 | - 4629 
VO ee 83885 | 1-806 40540 | 2-275 27840 | 4:259 
8010 | 1799 | 46270 | 2:238 28100 | 3°892 
15340 | 1-791 180°-...| 22270 | 2:859 28610 | 3523 
31720 | 1-774 293440 | 2-756 29130 | 3340 
47250 1759 27260 | 2-602 80090 | 3:157 © 
Q0° 4280 | 1:847 81100 | 2:517 81790 | 2:974 
8000 | 1:842 36130 | 2:430 |} 38150 | 2-883 
15310 | 1°882 40550 | 2°888 35110 | 2°792 
381680 | 1811 46260 | 27338 37900 | 2-700 
47220 | 1:793 || 185° ...| 24000 | 3183 41810 | 2-609 
L002 tx 5350 | 1:894 24260 | 3-082 47470 | 2-518 
7990 | 1:888 25170 | 2:928 || 200° ...| 28410 | 5°741 
153800 | 1-875 97220 | 2:73 28720 | 5372 
31660 | 1-853 29640 | 2°6738 29070 | 5-001 
47170 1833 825380 | 2°594 29420 | 4:630 
OSes 6588 | 1:945 386060 | 2°522 29790 | 4:260 
8000 | 1-948 40470 | 2:458 303840 | 3:893 
15800 | 1-927 46170 | 2:895 31180 | 3:524 
31660 1-897 || 187°°8 24900 | 5:739 31970 | 3°340 
47180 1-872 ||(Critical)) 24960 | 5371 83240 | 3-157 
120 ek 8020 | 2-003 | 24990 | 4-999 35450 | 2-975 
10190 1:999 | 25000 | 4628 37070 | 2-883 
20840 Tg) | 25010 | 4:258 39380 | 2°792 
81690 | 1:946 | 25020 | 3892 42490 | 2-701 
47200 | 1916 | 25070 | 3:523 46880 | 2°609 
130° ...)~ 9685 | 2-072 25190 |) 8:339) i) 210° 3.2) SSL ON 5742: 
15340 2-048 25650 | 3:156 |; 31740 | 5:874 
25710 | 2-019 26670 | 2974 |) 382850 | 5°002 


THERMAL PROPERTIES OF ISOPENTANE., 


Series I]. (conténued). 


o> 
nN 
~ 


| 

Pressure.} Volume. Pressure.| Volume. Pressure.! Voluine. 

Temp. millim. | cub, em. Temp. millim. | cub. ein. Temp. millim. | cub. em. 
210° ...| 33020 | 4-631 || 220° ...) 44830] 3-250 || 240° ...| 47280] 4-080 
(cont.) 383790 | 4-261 (cont.) 46250 | 3-159 (cont.) 48020 | 3989 
34830 | 3°894 48060 | 3:067 48800 | 3°897 

35500 | 3°710 |] 230° ...) 35620 | 5745 || 250°...) 42020] 5:748 

36420 | 3°525 37700 | 5:377 || 43600 | 5379 

37730 | 3341 388860 | 5-004 45420 | 5007 

39640 | 3:158 40160 | 4633 46480 4821 

41000 | 3:066 41780 | 4263 47510 | 4535 

42710 | 2-975 42800 | 4-079 48150 | 4:5438 

44980 | 2-884 43970 | 3-896 48760 | 4450 

48020 | 2-793 45460 | 3712 || 260° ...) 44670; 5-749 

220° ...| 33910 | 5:744 46230 | 3619 45570 | 5:565 
34700 | 5°375 47299 | 3°526_ || 46490 | 5381 

35570 | 5-003 | 48420 | 3-435 || 47550 | 5-194 

36540 | 4632 || 240° ...) 39350 | 5-747 || 48080 | 5102 

87790 | 4262 40620 | 5378 || 48650 | 5-008 

38540 | 4078 42140 | 5-006 || 270° 47330 | 5°751 

39410 3895 43840 | 4634 47830 5659 

40440 | 3-711 | 44870 | 4449 || 48400 | 55146 

41750 | 3:525 | 45980 | 4:264 48830 | 5:475 

43620 | 3342 | : 
Serizs II]. 

Pressure.| Volume. Pressure.) Volume. | Pressure.) Voluine 
Temp. millim. | cub. cm. Temp. millim. | cub. em. | Temp. niillim, | cub. em. 
HGO° ...| 163820) 2:377 ViGS 2 2rdS0) |) 23508" |i WS6S 24) 23900) |) TAT 7, 
16420 | 2-375 (cont.) 29550 | 2:467 || 24030 | 6°954 

18220 | 2°350 32450 | 27426 24130 | 6731 

20440 | 2°325 35970 | 2°383 24230 | 6°507 

- 23290 | 2:296 40370 | 2340 24290 | 6:282 
27110 | 2-264 46070 | 2-298 24360 | 6-057 

32420 | 2:227 49610 | 2:273 24370 | { 5 963 

38010 | 2:193 53710 | 2°249 - il 3°303 

43000 | 2-170 || 183° ...| 23160 | 7:397 25110 | 3:030 

49570 | 2-140 23210 | 7-286 26080 | 2-902 

538680 | 2°126 23260 | 7176 27150 | 27822 

170° ...| 19120} 2:555 23300 | 7-064 28300 | 2°757 
19290 | 2°545 23310 | (7-045 | 29560 | 2-704 

20470 | 2°513 3 { 5-020 | 187°°4 24350 | 6-954 

23320 | 2°455 23320 | 3-008 24570 | 6°508 

27120 | 2°399 24160 | 2-883 24740 | 6057 

32430 | 2:339 25080 | 2°805 24800 | 5°832 

38020 | 2°292 27120 | 2-698 24840 | 5-608 

43010 | 2°258 29530 | 2:619 24870 | 5°384 

49580 | 2218 32430 | 2-550 24880 { 5°126 

538680 | 27199 35950 | 2°490 x 3622 

176° ...| 20970 | 2°707 40350 | 2°429 24890 | 3°603 
21810 | 2:660 46040 | 2°372 24910 | 3492 

23320.| 2°602 49570 | 2°3438 24990 | 3°3882 

25090 | 2°551 53680 | 2°314 25120 | 3-281 
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PROF. SYDNEY YOUNG ON THE 


Series ILI. (continued). 


| 190° ... 


, Pressure.| Volume. || , 
Temp. millim. | cub. em. Temp. 
187°°4 ZOZ00M NO ZUON a LOOS Tee 
(cont.) | 26079 | 3-016 || (cont.) 
26241 | 2-992 
27153 | 2-900 
27318 | 2:883 
28802 | 2:818 
28472 | 2807 
187°-75| 24480 | 6°954 
(Critical)| 24550 | 6°731 
24640 | 6°508 
24750 | 6:282 
24820 | 6:057 
24880 | 5832 
24940 | 5608 
24970 | 5:884 
25000 | 5-160 
25010 | 4:938 || 195° 
25020 | 4°716 
25030 | 4268 
25030 | 3°824 
187°'8 25040 | 3-603 
(Critical)| 25110 | 3382 
25616 | 3:160 
26140 | 3050 
26970 | 2-939 
28430 | 2829 
30790 | 2°718 
84570 | 2:°608 
40670 | 2-497 
46050 | 2-481 
49580 | 2-894 
53680 | 2°361 
| 188°:0 24910 | 6-057 
25010 | 5-608 
| 25070 | 5:160 || 200° ... 
25090 | 4°716 
25100 | 4-492 
25100 | 4:268 
25110 | 4-046 
25130 | 3824 
25160 | 3603 
25300 | 38:382 
188°'3 24940 | 6-057 
25070 | 5608 
25140 | 5-160 
25170 | 4:938 
25180 | 4-716 
25190 | 4:492 
25190 | 4:268 
25210 | 4:046 
25220 | 3824 
25259 | 3603 || 205° ... 
25400 | 3:382 
24920 | 6:954 


Pressure.| Volume. Te Pressure. 
millim. | cub. em. ™p- | millim. 
25180 | 6:508 || 205° ..| 29960 
25400 | 6:058 || (cont.) | 30530 
25590 | 5608 31090 
25710 | 5-160 31780 
25780 | 4°716 32740 
25850 | 4:269 383490 
25950 | 3°824 84560 
26040 | 38-6038 36370 
26300 | 3°382 37760 
26940 | 3-160 89660 
28560 | 2-939 42360 
80170 | 2°829 46260 ° 
32780 | 2°718 52090 
86810 | 2°608 || 210° ...| 29350 
48080 | 2-497 30000 
53320 | 2°387 380660 
26050 | 6:955 31340 
26410 | 6:509 | 32030 
26740 | 6:059 | 32840 
27050 | 5-609 | 33730 
27320 | 5161 | 35040 
27560 | 4:°717 36010 
27810 | 4-270 87410 
28150 | 3°825 39580 
28450 | 3°604 41210 
28980 | 3°383 43500 
80000 | 3-161 46580 
380880 | 3:051 51040 
382220 | 2-940 53910 
384200 | 2-830 || 220° 31480 
87150 | 2:7149 32330 
41770 | 2609 33260 
48930 | 2-498 34170 
53150 | 2°449 85180 
27180 | 6:956 36830 
27630 | 6°510 87730 
28080 | 6:059 89720 
28520 | 5:609 41080 
28890 | 5161 43100 
29310 | 4:717 44460 
29750 | 4:270 46150 
30410 | 3°825 48450 
309380 | 3°604 51170 
31740 | 3°3883 538960 
Solo0 S161 4) 2302) esis soue 
34310 | 3:051 34650 
85910 | 2-940 34750 
88220 | 2-830 36940 
41710 | 2°719 38260 
46900 | 2°609 39800 
53160 | 2°516 41750 
28290 | 6:957 44440 
28820 | 6°510 46360 
29390 | 6:060 47640 


Volume. 
cub, cm. 


5610 
5'162 
4-718 
4-271 
3826 
3605 
3°384 
3162 
3°052 
2941 
2831 
2°720 
2610 
6:958 
6511 
6-061 
5611 
5163 
4-718 
4:271 
3°826 
3°605 
3°384 
3162 
3-052 
2941 
2°831 
2°720 
2°660 
6-959 
6513 
6-062 
5-612 
5-164 
4-719 
4-272 
3°827 
3606 
3°385 
3:274 
3163 
3053 
2942 | 
2 857 
6961 
6515 
6.064 
5614 
5169 
4-720 
43273 
3 828 
3607 
3496 
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Series III. (continued). 


Pressure.| Volume. Pressure.| Volume. || Pressure.) Volume. 
Temp. millim. | cub. em. Temp. millim. | cub. em. || Temp. millim. | eub. em. 
230° ...| 49010 | 38°386 || 250° ...|) 42550] 5616 | 270° ...| 41870 | 6-968 
(cont.) 50780 | 3-275 (cont.) 44510 | 5168 |} 48670 | 6°522 
52880 3164 46890 | 4:723 45690 | 6-069 

240° ...| 35700 | 6-963 48350 | 4:500 48030 | 5°619 
36950 | 6°516 49910 | 4-275 49320 | 5°395 

38310 | 6:065 51900 | 4:053 50700 | 5170 

39750 | 5615 53000 | 3-940 | 522380 | 4:948 

41440 | 5:167 || 260° ...| 39850 | 6-967 53070 | 4:837 

43360 | 4°721 41440 | 6520 |] 280° ...| 48890 | 6-970 

45930 | 4274 43240 | 6-068 || 45940 | 6523 

47490 | 4-052 45280 | 5618 48240 | 6071 

49370 | 3:829 47590 | 5169 2 49410 | 5846 

51780 | 3-608 48920 | 4-947 50770 | 5-621 

53320 | 3:497 50480 | 4°724 52170 | 5:396 

250° ...| 37820 | 6-965 52170 | 4:501 52980 | 5:284 
39210 | 6°518 58080 | 4°3888 53760 | 5:172 

40760 | 6-066 | 
Series LV. 

Pressure. | Volume. Pressure.| Volume. Pressure.| Volume. 
Temp. millim. | cub. cm. Temp. millim. | cub. em. Temp. millim. | cub. em. 
150° ...) 12870 | 19°89 T76C* ce e200: |) T3115 183° ...| 28030 7-585 
13120 | 18°77 ¢cont.) | 19090 |. 11-91 (cont.) | 28180 |. 7-280 

13370 -| . 18:15 19950 | 10°67 23260 7-095 

13600 | 17:52 20360 | 10:05 185° .../' 15020 | 19:41 

| 160° ...| 13520 | 19-40 20750 9-435 15720 | 18°16 
14080 | 1815 20920 9-130 16480 | 16:91 
14670 | 16°89 180° ...| 14780 | 19°41 17300 | 15°65 

14980 | 16:27 15400 | 18:16 18190 | 14:40 

15290 | 15°64 16130 | 16°90 19180 | 13:16 

15610 | 15:02 16910 | 15°65 20110 | 11-91 

15940 | 14:39 17750 | 14-40 21130 | 10°67 

16260 | 13-77 18620 | 13:15 22150 9-440 

170° ...) 14130 | 19°40 19540 | 11°91 23070 8-205 
14740 | 18:15 20470 | 10°67 23460 7-585 

153880 | 16°89 21360 ||. 9:440 23780 6-970 

16110 |. 15°64 21770 8:820 23910 6°665 

16850 | 14°39 22130 8°200 24000 6°355 

17240 | 13-77 | 22260 7-955 || 186° ...| 21260 | 10°67 

17620.| 13°16 183° ...| 14900 | 19-41 22290 9-440 

18020 | 12:53 15590 | 18:16 23270 8:205 

18400 | 11:91 16330 | 16-90 23670 7585 
18770 | 11°29 17140 | 15°65 24010 6-970 

18940 | 10:98 18000 | 14:40 24150 6665 

176° ...| 14480 | 19:41 18920°| 13:16 24270 6°355 
15130 | 18:15 19880 | 11°91 24350 6:045, 
15840 | 16-90 _ 20870 | 10°67 187°°85| 15190 | 19°41 | 

16600 | 15°64 21820 9440 |\(Critical)| 15900 | 18:17 

17880 | 14:39 22680 8:205 || - -| 16680 | 16°91 
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PROF. SYDNEY YOUNG ON THE 


Series IV. (contenued). 


Temp. 


millim. 


187°°85| 17510 


(Critical)} 18430 
(cont.) | 19390 


195° ...| 15610 


200° ...| 15910 


210° ...| 16490 


Pressure. 


Temp. 


“210° sae 


(cont.) 


2202 25 


230° .. 


240° ... 


Pressure. 
millim. 
17310 
18220 
19220 
20300 
21500 
22820 
24280 
25840 
27520 
29300 
81150 
33260 
17060 
17930 
18900 
19960 
21150 
22430 
23870 
25500 
27270 
29250 


Volume. 
cub. em. 


18:17 
16°92 
15°66 
14-41 
13:17 
11-92 
10°68 
9°445 
8210 
6975 
5°740 
4505 
19°43 
18:18 
16-93 
15°66 
14-41 
13:17 
11-92 
10°68 
9°450 
8-210 
6°975 
5745 
4:510 
19°43 
18:18 
16:93 
15°67 
14°42 
13°17 
11:93 
10°69 
9°450 
8215 
6975 
5745 
+510 
19°44 
18-19 
16°94 
15°67 
14:42 
13-18 
11:95 
10°69 
9-455 
8215 
6980 
5°745 
5130 


Temp. 


250° ... 


200” 20% 


Pressure. 
millim. 


18760 
19780 
20920 
22170 
23600 
25190 
27010 
29130 
31520 
34340 
37740 
42030 
44630 
19320 
20360 
21570 

2910 
24410 


270° ..., 19880 


280° ... 


49930 


Volume. 
cub. cm. 
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Serizes V. 
Pressure.| Volume. Pressure.| Volume. Pressure.| Volume. 
Temp. millim | cub, cm. Temp. millim. | cub. em. Temp. millim, | cub. em. 
140° ...) 11160 | 22°63 |} 180° ...) 19940 | 11-37 240° ...| 28850 | 13°49 
11375 | 21°93 (cont) 20470 | 10°67 (cont.) 25750 | 12:09 
| 11490 | 21:58 20970 | 9-980 27890 | 10°69 
| 11595 | 21-22 21470 | 9-280 30390 | 9:290 
| ¥50° ...| 11920 | 21-98 21900 | 8-580 31820 | 8-590 
12170-| _21-23 22100 | 8-235 33870 | 7:895 
12480 | 20°52 || 200° ...| 14510 | 21-96 35090 | 7:200 
12700 19°81 15640 | 19°84 36940 | 6:500 
12970 19:10 16970 | 17-71 89100 | 5805 
13260 18°39 18500 | 15°59 41680 | 5105 
13550 17-69 20260 | 13:48 45050 | 4-410 
VE 13700 17°30 21570 | 12:08 260° ...| 17440 | 21°99 
| 160°... 12470 | 21:94 23010 | 10°68 18960 | 19°87 
18030 | 20°53 24550 | 9-280 20780 | 17:74 
138600 19-11 25810 | 8585 22960 | 15°62 
14290 17-69 26100 | 7-890 25610 | 13-50 
14620 16:98 26890 | 7:190 27750 | 12:10 
14970 | 16:28 27620 | 6-495 30260 | 10°70 
15330 | 15°58 28320 | 5:800 38240 | 9:295 
15680 | 14°88 28970 | 5100 84950 | 8595 
16050 | 14:17 29590 | 4-405 86850 | 7900 
170° ...| 12990 | 21:94 || 220°...) 15500 | 21:97 - 39020 | 7-205 
18600 | 20°53 16760 | 1985 41400 | 6°505 
14260 19°11 18250 | 17:72 44970 | 5:805 
14960 | 17-70 19990 | 15°60 47940 | 5110 
15740 16°28 22080 | 13:49 52780 | 4-410 
16560 14°88 23660 | 12°08 280° ...| 18390 | 22-01 
17410 13°47 25450 | 10:69 20030 | 19°88 
- 17850 12:77 27480 | 9:285 22000 | 17°75 
18290 | 12:07 28580 | 8590 24390 | 15°63 
18710 IBS 29770 | 7-890 27350 | 13°51 
18930 11-02 31010 | 7-195 29740 | 12:11 
gd° ...| 13500 | 21°95 32320 | 6°500 382600 | 10°71 
14150 | 20°54 88710 | 5-800 36030 | 9°300 
14860 19:12 35310 | 5:100 88060 | 8-600 
15640 17:70 387240 | 4-405 40260 | 7-905 
16490 | 16:29 || 240° ...| 16470 | 21:98 42890 | 7-210 
17400 14:88 17870 | 19:86 45920 | 6510 
18390 | 13:47 195380 | 17°73 49530 | 5810 
19420 12:07 21480 | 15°61 
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Srrizs VI. 
Pressure.| Volume. Pressure.| Volume. Pressure. | Volume 
Temp. millim. | cub. em. Temp. millim. | cub. em. Temp. millim. | cub. cn 
90° ...| 38585 7662 || 140°...) 9411 29:06 || 180° ...) 12500 24:37 
3678 74:24 || (cont.) | 9993 26:69 || (cont.) | 18480 22:01 
3786 71:86 10640 24°34 14580 19 64 
8895 69°47 11860 21:98 15290 17 28 
4012 67:07 || 150° ...| 4463 74°35 | 17880 1491 
4135 64:67 4887 67:17 19070 12:56 
4263 62°26 5400 59:96 || 200° ...| 5084 74:45 
100° ...| 388138 74:26 6037 52°79 bold 67:26 
4040 69:49 6830 45:63 6186 60°04 
4297 64:68 7498 40°89 69438 52°86 
4432 62:28 8267 36°17 7893 45°70 
4585 59°88 9198 31:43 8697 40°94 
4739 57-49 10410 26°70 9672 36:21 
4910 55:10 11110 24°34 10890 31-47 
5081 52°73 11900 21:98 12430 26°74 
5271 50°35 12770 19°63 13370 24°38 
110° 3946 74:27 13740 17°26 14460 22:02 
4182 69:51 160° ...| 4589 74:37 15740 19°65 
4447 64°70 5032 67°19 17250 17°29) 
4749 59°90 5564 59-08 19010 14.92 
5091 65:11 6224 52°81 || 220° 53817 7448 
5482 50°37 7056 45°64 5847 67°30 
5933 45°59 7734 40:90 6491 60:07 
6185 43°22 8564 36:18 7294 52°89 
6472 40°85 9573 31:44 8314 45°72 
1202.22: eet079) 74:29 10840 26: [Le 9182 40-96 
4458 67:12 12430 21:99 10220 36°23 
4918 59°91 138400 19:63 11580 31:49 
5472 52°75 14480 17:26 13210 26°75 
6167 45°60 15660 14:90 14250 24°39 
6717 40°86 || 170° ...| 4713 74 39 15450 22°03 
7040 38:50 5172 67:21 16880 19-66 
7376 36:14 5724 59-99 18580 17:30 
7754 33°76 6403 52°82 20620 1493 
7958 32°59 7272 45°66 || 240° ...| 5562 74:52, 
180° ...| 4206 74°31 7979 40°91 6119 67°34 
4603 67:14 8844 36°19 6807 60°10: 
5079 59:93 9910 81-45 7657 52:92) 
5665 52°76 11250 26°71 8740 45°74 
6396 45°61 12050 24-36 9658 40-93 
6985 40°87 12960 22-00 10780 86°25 
7689 36°15 14010 19°64 12180 31:50 
8083 33°77 15200 17:27 14010 26°76 
8527 31-41 16540 14:90 15120 24-40 
9012 29:05 18000 12°55 16440 22-04 
9553 26°69 || 180° ...| 48384 74°41 18010 1967 
140°...) 4837 |~ 74°33 || 53802 67:22 19910 17°30 
ny) reas 67:16 5876 60:01 22230 14°94 
5242 59°95 6583 52°83 || 260° ...| 5805 74:56 
5856 52°78 7484 45°67 | 6389 67:37 
6617 45-62 8222 40°92 7125 60°13: 
7248 40°88 9122 36°20 8022 52:94 
7977 86:16 10240 31:46 9160 45°76 
8884 31:42 11650 26°72 10140 41:00: 
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| 
| Series VI. (continued). 
Pressure.| Volume. Pressure.| Volume. Pressure.| Volume. 
'Tem millim. | cub. cm. || Temp. millim | cub. cm. Temp. millim. | cub. em. 
260° e.| 11380 36°26 |) 280° ...| 6675 67°40 || 280° ...| 18410 22:06 
\(eont.) | 12830 31°52 |) (cont.) | 7453 60°16 || (cont.) | 20250 19°69 
! 14780 26-77 5 52:97 22520 17 32 
16000 24°41 9608 45:79 25330 14.95 
| 17430 | 22-05 10660 | 4103 27040 | 13-76 
19130 19°68 11900 36:28 28980 12°59 
21220 17:3) 13490 3153 81240 11-40 
23760 14:94 15580 26:79 | 34870 10-21 
6065 74:60 16870 24-43 37030 9:02 
Ssries VII. 
Pressure.| Volume. |, Pressure.| Volume.|| Pressure.| Volume. 
millim. | cub. cm. Temp. millim. | cub. em. |) Temp. millim. | cub. em. 
1427 181:60 90° ...| 2054 142-05 |} 120° ...) 3590 85°72 
1471 17595 (cont.) 2311 125-05 || (cont.) 4065 74:50 
1514. | 170:30 2639 108°10 4687 63°30 
1479 181-65 2913 96:86 5530 52:13 
1524 | 176°00 3252 85:66 || 180° ...| 1886 176°30 
1570 | 170°35 3448 80:04 2076 159°25 
1620 16470 3669 74:44 23138 142-20 
1676 159-00 3923 68°85 2608 125-20 
1732 153°30 4209 63°25 |! 2984 108°20 
1793 147°60 || 100° ...| 17382 17615 || 3503 96°96 
1858 141°90 || 1906 159-15 || 38698 85°75 
1927 186°25 2120 142710 4193 74:52 
2001 130:60 2388 125:10 4841 63°32 
1575 176:05 2727 108°15 5717 52°14 
1679 16470 3012 96°88 || 140° ...| 1936 | 176°35 
1793 153°30 8360 85°68 2133 159°30 . 
1924 141°90 3803 74-46 2377 142°25 
2077 130-60 4368 63°27 2681 12525 
2253 119°35 5126 52°10 3071 108°25 
2354 | 113°70 || 110° ...| 1784 176°20 3401 96°98 
2462 | 108°05 1963 15920 3808 85°78 
2583 102°45 2185 142°10 4326 74:54 
S0°°...| 1627 176°10 2461 125-10 5000 63°34 
1731 164°75 2816 108:15 5914 | 52°16 
1851 153°35 31138 96°91 || 160° ...| 2035 17645 
1986 | 141:95 3474 85-70 2242 | 159-40 
2146 180°65 3943 74-48 2503 =| 142°35 
2332 119°40 4534 63°29 2824 | 125°35 
2552 108-05 5328 52°11 3238 | 108°30 
2813 96°83. ||-120°°...| 1837 [176-25 3591 97-03 
2965 91:24 2020 | 159-20 4023 85°82 
3134 85°64 2251 142:15 4577 74:58 
3321 79°99 2537 125°15 5296 63°37 
90°...) 1681 176:10 2902 | 108:20 6292 52°18 
| 1848 159°10 3209 96:93 
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Series VII. (continued). 

Pressure.| Volume. Pressure.| Volume. Pressure.| Volume. 

Temp. millim, | cub. cm. Temp. millim. | cub. em. Temp. millim. | cub. em. 

180°. .| 2122) | 1'76:557) || 20025.) 588s 63°43 || 250° ...| 4979 86:01 
2353 | 169:50 (cont.) 7025 52°23 (cont.) 5679 74:76 

2625 | 142°35 || 220°...) 2380 | 176:75 6620 63°51 

2966 | 125°35 2575 159-70 (ANE 57-92 

8405 | 10835 2877 142°50 7910 52°30 

38775 97:08 3253 125-50 8781 46°68 

4239 85°86 3738 108°45 9871 41:06 

4822 74:62 4156 97:18 11275 35°44 

5590 63°40 4666 85°95 |} 280° ...| 2622 | 177-00 

6654 52°20 5318 74:70 2912 | 159-90 

20027 e223 176°65 6176 63°46 3252 | 142-75 

2463 | 159°60 7381 52°26 8680 | 125:°70 

2751 142°45 || 250° ...) 2477 176-90 4234 10865 

3108 | 12545 2741 15980 4712 97°33 

3571 108°40 3068 | 142°60 5303 86:08 

3962 97°13 3469 | 125°60 6043 74:81 

4452 85-90 3984 | 108:55 7065 63°56 

5066 74:66 4431 97:26 8459 52°34 

Series VIII. 
Pressure.| Volume. Pressure.| Volume Pressure.| Volume. 
Temp millim. | cub. em. Temp. millim. | cub. em Temp. millim. | cub. em. | 

30° 776 321:2 60° 1857 1419 90° ...| 1152 261-7 
797 3126 (cont.) 1964 133°4 (cont.) 1317 2274 

816 3040 KOS: 825 347°4 1418 2103 

40° 736 3299 866 330°2 1537 193:2 
827 312-7 965 295°7 1678 1762 

873 295°5 1085 2616 1846 159°] 

924 278:5 1239 227°3 2054 1420 

980 261°4 1334 210:2 2314 124-9 

1044 244-2 1444 193-1 |] 100° ... 822 882°2 

1117 227°1 1574 176-1 860 365'0 

DOSES 814 830:0 1732 159-0 947 330°4 
903 295°6 1922 1420 1054 296:0 

1015 261°4 2164 124-9 1186 261'8 

1082 244:3 SOSe.. 812 364:8 1357 227°5 

1158 227:2 893 3380°2 1462 210°4 

1246 210°1 993 295'8 1584 193-2 

1348 193:0 1118 261°7 1732 1763 

1468 1760 1277 227°4 1904 159°2 

GOO. 5 799 347: 1377 210°3 2120 142°] 
839 330:1 1492 193:2 2389 124-9 

933 295°7 1627 L762: |I- L202... 832 399°6 

1049 261°5 1789 159:1 909 865°2 

1199 227°3 1988 142:0 1002 330°5 

1290 210°2 2236 1249 1113 + 296°1 

1397 193'1 O0Psce3 835 864-9 1254 2619 

1524 176-1 920 330°3 1435 227°6 

1673 159:0 1024 295'9 1547 210°5 


THERMAL PROPERTIES OF ISOPENTANE. 


Series VIII. (continued). 


Pressure.|} Volume. 
Temp. millim. | cub. em. 
120° ...| 1678 193-4 
(cont.) | 1834 176°4 
2020 1593 
2248 14271 
2536 125-0 
| 140° ... 838 4171 
956 365-4 
1053 330°7 
1172 296:°3 
1321 262°1 
1513 227-7 
1632 2106 
1770 193°5 
1933 1765 
2133 159°3 
237 142-2 
| 2684 12571 
1} 160° ... 847 434-7 
\| 958 382°8 
1107 330°9 
1233 296°4 
1388 262°2 
1591 2278 
1716 210-7 
1861 193°6 
2036 1766 
2247 159°4 
2508 142°3 
2825 | 1252 


Temp. 


180° ... 


200" ; 


635 


Pressure. 
millim. 
853 
963 


Volume. 
cub. cm. 


452°3 
400°2 
365°7 
3311 
296°6 
262°4 
228°0 
210°8 
193°7 
176°7 
159°5 


Temp. 


Pepe 
(cont.) 


2DOo ss 


2802. )..2 


Pressure. 
millim. 

1820 
1963 
2130 
2332 
2573 

854 

915 
1025 
1161 
1340 
1495 
1686 
1934 
2088 
2269 
2480 
2740 

876 

970 
1084 
1230 
1420 
1583 
1786 
2049 
2213 
2402 


2631 
2907 


Volume. 
cub. em. 


The Critical Volume and Density. 


It is impossible to determine the critical volume accurately 
by direct experiment, but it may be calculated from the 
critical density, which may be ascertained with great accuracy 
by the method of Cailletet and Mathias (Compt. Lend. cii. 
p. 1202, civ. p. 1563 ; Mathias, ied. exv. p. 35). 

In the following table the densities (mass of 1 cub. centim.) 
of liquid and saturated vapour and the mean densities aro 
given at a series of temperatures, together with the mean 
densities calculated from the formula 


D=0°3197 — 0000454 ¢. 
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The close agreement between the calculated and observed 
mean densities over such a wide range of temperature in this, 
as in so many other cases, justifies the very small extra- 


polation to the critical temperature. 


The mean density at 


this temperature, 187°8, calculated from the formula, is 
0:2344, and this is the critical density, for, at the critical 
temperature, the difference between the liquid and saturated 
The critical volume of a gram, calcu- 
lated from the density, is 4:266 cub. centim. 


vapour ceases to exist. 


Mean Densities of Liquid and Saturated Vapour. 


| Density. 
Temperature. | ze 
Tigued. Sapte Mean. |Calculated.| 4x 10,000. 
ie 
10 6295 0016 3156 3152 —4 
20 ‘6196 0024 “3110 3106 —4 
30 6092 0033 38062 3061 —1 
40 5988 0045 ‘3017 3015 —2 
50 5881 0060 ‘2970 ‘2970 0 
60 ‘6769 ‘0078 2924 *2924. 0 
70 5656 0101 2878 2879 ty 
80 *b540 0128 2834 2834 0 
90 5413 0162 ‘2787 2788 +1 
100 5278 0203 2741 2743 +2 
110 5140 0251 "2695 2697 +2 
120 4991 0311 2651 2652 +1 
130 4826 0383 2605 2607 +2 
140 4642 0473 “2557 ‘2561 +4 
150 4445 0583 2514 2516 +2 
160 4206 0729 +2468 ‘2470 +2 
170 3914 0932 2423 2425 +2 
176 3694 1103 2398 +2398 0 
180 3498 1258 2878 “2380 +2 
183 “Soll 1422 2366 °2366 0 
185 3142 1575 2358 2357 -1 
186 3028 1677 2353 2352 =, 
187 "2857 1834 2346 “2348 fa; 
: 187-4 | °2761 1951 2356 2346 —10 
(Critical) 1S 72:3 Waar e.cc- eal in ec tae see 2344 
Critical Volume of a gram......... 4:266 cub. em. 


Critical Molecular Volume 


Pee eeeeee 


306°5 cub, cm. 
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THEORETICAL CoNCLUSIONS. 


Relation of Pressure to Temperature at Constant Volume. 
Isochors. 


For the larger volumes of a gram the pressures corre- 
sponding to definite volumes were read from the isothermals 
constructed from the data already given. This method was, 
however, not practicable in the case of the smaller volumes. 
Isobars were therefore first constructed, and the temperatures 
at definite volumes were then read from the isobars. The 
data from which the isobars were constructed are given in 
the table below, p. 628. 


In the tables which follow (pp. 639-643) the data for two 
sets of isochors are given, those at smaller volumes from the 
isobars and those at larger volumes from the isotherms. The 
pressures read from the isothermals constructed from the data 
obtained by Thomas and myself by the modified Hofmann’s 
vapour-density method are included in the second set. 
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Isochors, read from Isothermals. 
| | 
MOlee ae 2:5 26 | 27 | 2°8 29 | 30 | 32 | 3-4 36 38 
Temp Pressures. 
ro} 

170 | 27060) 21020)... wets 

176 | 84520 | 27580 | 23360 | 21060)... 

180 | 39400 | 82060 | 27380 | 24460 | 22830)... Ae 

183 | 43120 | 85280 | 30260 | 27050 | 25130 | 24010 | 23360 

185 | 45680 | 37480 | 32280 | 28850 | 26710 | 25420 | 24660)... ioe ore ai 
187'8 | 49080 | 40560 | 34980 | 31270 | 28940 | 27420 | 26460 | 25490 | 25130 | 25050 | 25030 
190:0 | 52000 | 48140 | 37280 | 83270 | 30730 | 29070 | 27860 | 26770 | 26270 | 26070 | 25960 
195 ... |48820 | 42320 | 37860 | 34880 | 82850 | 31460 | 29780 | 28940 | 28460 | 28190 
| 200 54560 | 47480 | 42490 | 39100 | 86680 | 35010 | 82870 | 831660 | 80950 | 30480 
| 205 Bic ... | 47140 | 43270 | 40560 | 38550 | 35990 | 34430 | 33510 | 32820 
210 | 51990 | 477700 | 44510 | 42160 | 89090 | 37260 | 36020 | 35140 
220 eee aa 2430 | 49630 | 45570 | 42940 | 41170 | 39910 
230 | | ae ... | 52400 | 48860 | 46460 | 44680 
240 | | ae .. |51890 | 49690 

Isochors, read from Isothermals. 
pe y 
rit. | 

Vol. 40 4:3 4:6 5-0 | 55 6:0 | 65 7-0 | es 80 | 85 
Temp. Pressures. 

180 ve .-. | 22230 | 21950 
183 2 ned ... | 23090 | 22800 | 22490 
185 ses Mee 4c me von, ... | 23960 | 23770 | 23510 | 23200 | 22860 
187°8 | 25020 | 25010 | 25000 | 24990 | 24940 | 24840 | 24660 | 24400 | 24070 | 23710 23330 | 
190 0 | 25910 | 25860 | 25810 | 25760 | 25620 | 25420 | 25180 | 24880 | 24530 | 24110 | 23700 
195 | 28000 | 27780 | 27650 | 27430 | 27130 | 26790 | 26420 | 26010 | 25570 | 25080 | 24590 
200 | 80140 | 29730 | 29430 | 29060 | 28610 | 28150 | 27630 | 27100 | 26570 | 26010 | 25430 
205 | 32310 | 31730 | 31260) 30740 | 30070 | 29460 | 28840} 28220)... ae ee 
210 | 84460 | 33680 | 33070 | 32350 | 31540 | 80760 | 30010 | 29280 | 28530 | 27820 | 27110 
220 | 38890 | 37640 | 36640 | 35580 | 34420 | 33350 | 32340 | 31380 | 30460 | 29600 | 28750 
230 | 48280 | 41590 | 40280 | 38850 | 37290 | 35920 | 34680 | 33500 | 82400 | 31370 | 30400 
240 | 47900 | 45770 | 44010 | 42130 | 40170 | 38500 | 37000 | 35610 | 34330 | 33140 | 32030 
250 | 52360 | 49770 | 47740 | 45440 | 43030 | 41020 | 39270 | 37680 | 36240 | 34900 | 33660 
260 ... | 538800 | 51380 | 48680 | 45890 | 43530 | 41480 | 39690 | 38080 | 26600 | 35220 
270 So .-- | 51910 | 48750 | 46070 | 43780 | 41770 | 39980 | 38360 | 36860 
280 ... | 51540 | 48580 | 46000 | 43750 | 41770 | 40000 | 38380 


—— 


ee ee ee ee ee ee 


ne ee 
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Isochors, read from Isothermals. 
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| 
Vol. 90 | 25 | 100} 11 | 12 | 13 | (| 165 |) 16° | 17 | 18 
Temp. Pressures, 
S | 
150 = eee i wee | 18480 
160 | ... w- | se |. | 16160 | 15620 | 15110 | 14620) 14140 
170 | ... | ... |... | 18950! 18330] 17710 | 17080 | 16490 | 15900 | 15330 | 14815 
76 |... | 20700 20390 | 19720 | 19020 | 18380 | 18630 | 17000 | 16370 | 15780 | 15210 
180 | 21630 | 21300 | 20950 | 20210 | 19470 | 18730 | 18010 | 17320 | 16670 | 16040 | 15470 
183 | 22130 | 21770 | 21380 | 20590 | 19800 | 19030 | 18280 | 17570 | 16920 | 16270 | 15680 | . 
185 _| 22490 22090 21690 | 20870 | 20040 | 19250 | 18480 | 17750 | 17060 | 16420 | 15810 
187-8 | 22930 | 22500 | 22040 | 21160 | 20300 | 19500 18720, 17980 | 17260 | 16600 | 15990 
190-0 | 23250 | 22820 | 22360 | 21440 | 20560 | 19710 | 18910 | 18150 | 17440 | 16780 | 16130 
195 | 24080 | 23870 | 23060 | 22060 21100 | 20200 | 19350 | 18550 17810 | 17110 | 16470 
| 200 | 24870 | 24310 | 23760 | 22680 | 21670 20710 19810 18970 18180 | 17460 | 16800 
210 | 26430 | 25770 | 25110 | 23880 | 22720 21670 | 20670 19780 | 18930 | 18140 | 17430 
220 | 27950 | 27170 | 26430 | 25050 | 23770 | 22620 | 21560 | 20570 | 19650 | 18880 | 18050 
230 | 29480 | 28600 | 27750 | 26200 | 24830 23550 | 22400 | 21350 | 20370 | 19500 | 18690 
240 | 30990 | 30010 | 29090 | 27400 | 25890 | 24500 | 23250 | 22130 | 21110 | 20180 | 19330 
250 | 32510 | 31430 | 30410 | 28570 | 26900 | 25460 | 24120 22940 21840 | 20850 | 19940 
260 ./ 33970 | 32790 | 31690 | 29700 | 27940 | 26370 | 24970 | 23700 | 22560 | 21510 | 20540 
270 | 35460 | 34180 83000 | 30870 28980 27300 | 25810 | 24480. 23260 | 22160 | 21150 
| 280 | 86920 | 35530 | 34240 | 31950 | 29970 | 28190 | 26620 | 25220 | 23970 | 22810) 21770 
Isochors, read trom Isothermals. 
| 
bv. 19 | 20 | 22 | 24 | 26 | 28 | 30 | Ba, \\- ai | 40 | 45 
| | 
per. a : a 
= | | 
| Lo ~ ee cae GOTO D OOS 
r 120 sia .. | «| 7890] 7400] 6880] 6235 
| 130 de Be ... | 9250! 8825] 8220! 7705} 7100) 6465 
Fi4o | ©. | 2) |11355|10745|10175| 9865} 9195] 8555| s0v0| 7365) 6700 
150 | 13020 | 12630 | 11890 | 11215 | 10600 | 10035) 9530) 8870) 8295} 7625) 6920 
| 160 | 13685 | 13260 | 12440 | 11720 | 11050 | 10465| 9930] 9205} 8595] 788U) 7140 
170 | 14310 | 13835 | 12960 | 12180 | 11480 | 10845 10275] 9530) 8880} 8130] 7360 
nT Oe terre ices a) cereal cae | asa | steel ween | yee, eae 
180 | 14920 | 14405 | 13480 | 12650 | 11900 | 11225 | 10635] 9855| 9160} 8380| 7575 
WS (10100 |) ice, | Pee eae anthem |) ose lp) sas 
185 | 15230 | ee S| eee < 
£187°8/15400| ... | —«. bie if es 
190-0 | 15540 | 14985| ... Be ts os 
Be SION, ical p say | escne |) naecen lt cose eects, ghee ol been ee 
| 200 | 16150 | 15550 | 14480 | 13525 | 12700 | 11980 | 11325 | 10460| 9705] 8870} 8000 
210 |16760/16110| ... te tras cca yl) xe, | Sate erga re 
220 | 17350 | 16690 | 15480 | 14445 | 13525 | 12730 | 12025 | 11075 | 10275 | 9380} 8440 
Pm TOSO TOON ee Nels co age hte Nase | ede dT ee elt ow 
240. | 18530 | 17800 | 16480 | 15340 | 14360 | 13475 | 12705 | 11700 | 10845) 9875) 8875 
CTO rte nce seve ec ll Zee lt weace baeeg |) -ne 
260 | 19670 | 18880 | 17470 | 16210] 15140 14210 | 13390 | 12330 | 11425 | 10380} 9305 
OM SOE STOME a cieoe | aC) | Dep Ge eat | ree (eens ae (eal 
280 | 20820 | 19970] 18450 | 17120] 15990 | 14995 | 14095} 12960 | 11990 | 10920 | 9775 
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Isochors, read from Isothermals. 


Vol. 50 60 70 80 90 100 | 120 140 | 160 180 | 200 
| | 
Temp Pressures. 
50 oe tas Sy ac le aseeasos 
60 een lth aes Neo Ser 1880 | 1665 | 1491 | 1854 
70 ane aes 2633 | 2240 | 1947 | 1720 | 1544 | 1400 
80 vee 3321 | 3000 | 2738 | 2315 | 2015 | 1780 | 1594 | 1443 
90 ies ic 3865 | 3452 | 3110 | 2835 | 2400 | 2081 | 1837 | 1643 | 1489 
100 | 5295 | 4575 | 4015 | 3565 | 3215 | 2932 | 2480 | 2152 | 1897 | 1695 | 15382 
110 | 5510 | 4745 | 4150 | 3698 | 3327 | 3030 | 2558 | 2217 | 1953 are os 
120 | 5720 | 4910 | 4295 | 3820 | 3440 | 3117 | 2687 | 2283 | 2009 | 1796 | 1622 
130 | 5930 | 5080 | 4435 | 3938 | 3537 | 8212 | 2711 | 2348 | 2062 sa Kae 
140 | 6135 | 5240 | 4570 | 4055 | 3645 | 3303 | 2790 | 2413 | 2120 | 1896 | 1714 
150 | 6330 | 5400 | 4715 aS she Se as ah Rea OK ae 
160 | 6525 | 5560 | 4850 | 4295 | 8850 | 3492 | 2948 | 2545 | 2234 | 1995 | 1805 
170 | 6725 | 5725 | 4990 ne ot re me es as ite ane 
180 | 6920 | 5880 | 5110 | 4522 |. 4052 | 3667 | 3093 | 2666 | 2345 | 2096 | 1894 
200 | 7290 | 6185 | 5375 | 4757 | 4257 | 3855 | 3240 | 2800 | 2458 | 2194 | 1981 
220 | 7675 | 6500 | 5635 | 4998 | 4475 | 4043 | 3393 | 2926 | 2566 | 2290 | 2066 
240 | 8060 | 6820 | 5905 ms cee HOR ox ae ae 543 ts 
250 eas Rae mee 53825 | 4765 | 4310 | 3622 | 3180 | 27389 | 2485 | 2200 
260 | 8455 | 7145 | 6165 ‘oe ses ape es oes one Ae oe 
280 | 8850 | 7460 | 6450 | 5685 | 5085 | 4588 | 3848 | 3320 | 2907 | 2584 | 2334 
Isochors, read from Isothermals. 
| 
Vol. 230 | 260 | 300 | 350 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 
Temp. Pressures. 
fo) 
Ow | eae ce ae noe ee 398 | 342°5| 300 | 268 | 241°5 
30 ~ pay | Sa 719 | 633°5| 509 | 426 | 366°5| 322 | 286:5| 2585 
40 1105 | 985 | 860 | 743-5} 654 | 526 | 4405] 380 | 3383:5| 2965! 267 
50 1145 | 1020 | 890 | 769 | 675°5| 544 | 454-5] 391:5] 344 | 805°5)| 275 
60 1186 | 1054 | 917 | 795 | 699 | 561°5| 470°5| 404 | 355 | 316 | 2845 
70 1225 | 1092 | 952) 820 | 720 | 580 | 4845) 416°5| 365°5| 325 | 2935 
80 1262 | 1124 | 979 | 844 | 743-5] 596°5| 500 | 429:5| 376 | 335 | 302 
90 1301 | 1158 | 1010 | 869 | 7645] 615 | 514 | 441-5) 387-5] 3845 | 311 
100 1348 | 1194 | 1088 | 895 | 787 | 6384 | 5285) 454 | 398:5] 354°5| 319°5 
110 ane mats ofa a5 809°5 | 650 | 543:°5| 467 | 409°5) 364:5| 328°5 
120 1420 | 1262 | 1097 | 947 | 881 | 670 | 559°5| 479°5| 420°5| 374 | 337 
130 we ee Bi a 854:5| 686 | 574 | 493 | 431-5] 384 | 346 
140 1497 | 1832 | 1156 | 995 | 876:0| 7045) 588°5) 505 | 448-5] 395 | 355 
150 ee nee ae ag 899°5 | 723:5| 604°5| 518°5| 454 | 403-5) 363-5 
160 1576 | 1400 | 1216 | 1046 | 916 es Rise x36 aa ee ae 
180 1654 | 1467 | 1275 | 1095 | 964 : she one 
200 1728 | 1535 | 1334 | 146 |1005 ae, 
220 1806 | 1603 | 1894 | 194 |1047 : 
250 1921 | 1706 | 1481 | 1272 |1114 
| 280 2036 | 1806 | 1568 | 13849 {1182 
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Isochors, read from Isothermals. 


Vol.....) 1200 | 1400 | 1600 


1800 | 2000 


2300 | 2600 | 3000 “3000 | 4000 


Temp. Pressures. 


11°0 | 202:0 | 173-5) 151-8/ 135:1| 121°8| 106-2} 942] 81:6] 700] 613 
163 | 205°5| 177-0 |-1549| 137-8) 1240] 108-1) 95:8] 83:0] 71:4 | 62:4 
30 215°8| 185°5| 162-4| 144-4) 13071] 113'5| 1006] 87:3) 74:7 | 65:3 
40 223'0 | 191-5} 168-0} 149°8| 1348) 117-3} 104-1] 90-4] 77:5 | 67-7 
50 230°0 | 197-5) 173°3| 154:3| 139°2} 121:0| 107-2) 93:3} 79:9 | 69:8 
60 2373) 2042) 178°7| 158°9| 143°1) 124-7) 1103) 96:0] 82:2] 71-8 
70 245:0| 210:0| 184:0| 163-4) 147°5| 128-7) 1138] 98:8] 848 | 742 
80 251°6 | 215°7| 189°4] 168:4} 151-8} 182:1| 117-2] 101-9] 87:3 | 76:2 
90 259°2 | 223°5| 195°3| 173-9] 156°6 | 136-1) 120'7| 105-1] 89:9 | 78:5 
100 266-7 | 229-7 | 200°9| 179:0} 160°7 | 140°0} 124-3| 108-0} 92-4 | 80-4 


110 | 2735 
120 | 2805 

130 | 2885 

140 | 2960 / 

150 | 303-0 | 


The values of oe (> in the equation y=bT—a) have been 


calculated from the data given in the preceding tables, and 
as they are not quite constant at all volumes it seems neces- 
sary to give them in detail so as to indicate the nature of the 
variations. This, however, has not been done for volumes 


below 2°4 cub. centim., for which the values of ou were 


obtained from the isobars, because the deviations are within 
the Iimits of experimental error. | 


— 


644 PROF. SYDNEY YOUNG ON THE 
dp . 
Values of a (=b) from Isochors. 
Wol oat a 2:5 26 27 28 2°9 3:0 3°2 34 36 38 
Temp. 
fe) 
170 
176 1243 | 1093 aioe ee 
180 1220 | 1120 | 1005 | 850 wee 
183 1240 | 1073 960 | 863 | 767 Hee aan 
185 1280 | 1100 | 1010 | 900 790 705 | 650 
187°8 1214 | 1100 964 | 864 796 714 643 see Nee ae aes 
190 1827 | 11738 | 1045 | 909 814 750 | 636 577 518 | 464 | 423 
195 1136 | 1008 | 918 830 756 | 720 602 534 | 478 446 
200 1148 | 1082 | 926 844 766 | 710 618 544 | 498 458 
205 930 834 (iOS 624 554 | 512 468 
210 970 886 790 | 722 620 566 | 502 464 
290 792 | 747 648 568 | 515 477 
6538 | 592) | 629) | 477 
ae 543 | 501 
240 
V dp 
alues of a (=b) from Isochors. 
Viol. coca A0) 43 46 5:0 5:5 6:0 | 6:5 | EO 75 8:0 8:5 
Temp. 
180 
183 ae 190 180 
ee ve | ss | 210] 200 ] 185 | 
1s7-8) 7" wee eee cee ame A 250 225 200 | 182 168 
190 405 3886 368 350 309 264 | 236 218 209 | 182 167 
195 418 3884 368 | 334 3802 | 274 | 248 | 226 208 | 194 198 
200 428 390 356 | 326 | 296 272 | 242 222 200 | 186 168 
sel aeea coe 206 336 | 292 | 262 | 242 | 294 ‘ea biea oe 
210 430 390 362 3822 294 260 234 212 | 
2) 443 396 357 323 288 259 233 210 193 | 178 164 
| 93 439 | 395 364 327 287 257 234 212 194 | 177 165 
240 462 418 373 328 288 258 232 211 193 | 177 163 
| 950 446 400 313} ool | {ai 252 227 207 191 | 176 163 
| 260 | 4038 364 324 286 25) 221 201 184 | 170 156 
270 | 323 286 254 230 | 208 190 | 176 164 


279 | 251 | 222 | 198 179 | 164 | 152 | 
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Values of 2 (=6) from Isochors. 


645 


Mole! Gor Os: 10° 1 11 | Penis ta) 46° | 16° | a7 | As 
Temp.’ 
oye | | 
150 | . - 
il 
160 | | | see eee nae eee 
“s Since eee NST. te 75. Nt brs 
iso | | «| | 126 | 14 | 102 | 98 | a8_| a7 | m1 | 655 
igs | 172 | 158 | 148 | 132 | 114 | 104 | 94 | 86 | 78 | 76 | 68 
ae 152 | 146 | 134 | 114 | 104 | 92 | 86 | 80 | 76 | 72 | 64 
195 | 186 | 150 | 140 | 124 | 108 | 98 | 88 | 80 | 74 | 66 | 68 
909 | 158 | 148-| 140 | 124 ' 114 | 102 | 92 | 84 | 74 | 70 | 66 
aio | 188 | 146 | 185 | 120 | 105 | 96 | 86 | 81 | 75 | 68 | 63 
goq | 152 | 140 | 182] 117 | 105 | 95 | 89 | 79 | 72 | 69 | 62 
ae 153 | 143 | 132 | 115 | 406-7 93 | 84 | 78 | 72-1 67 | 64 
o4g | 151 | 141 | 184 | 120 | 106 | 95 | 85 | 78 | 74 | 68 | 64 
950 | 182-| 142 | 182 | 117 | 101 | 96 | 87 | 81 | 73 | 67 | 61 
) 
960 | 146 | 186 | 128 | 113 | 104 | 91 | 8 | 76 | 72 | 66 | 60 
o79 | 149 | 189] 181 | 117 | 104 | 93 | 84 | 78 | 70 | 65 | 61 
146 | 135 | 124 | 108 | 99 | 99 | 81 | 7 | 71 ~«| «65 [62 
280 | 
dp 
Values of ai (=) from Isochors 
ivol...| 19 | 20 | 22 | 24 | 26 | 28 | 30 | 33 | 36 | 40 | 45 
Temp. 
° | 
a ts .. | 26 | 24 
op ee es 1°33... 80-5: eos 
a Me ce heed AID | 87. | 83D 1-28 265: 1285 
th 2 53:5| 47 | 42:5 | 37 33°5| 31:5 | 295 | 26 | 22 
160 | 98°5 | 68 55 | 505] 45 | 43 | 40 | 335 | 30 | 25:5 | 22 
170 | 825 | 575 | 52 | 46 | 43 | 38 | 345) 325 | 285 | 25 | 2 
a Gis FEBT 52 | 47 | 42 | 38 | 36 | 325 128 |25 | 215 
62 | 58- | 
190 itso | 43-7| 45 | 3781 345] 302 | 27-8 | 24-5 | 21-2 
61 | 565 
200 foal 
6 14 
210 50 | 46 | 41:2] 375] 35 | 308 | 285 | 25:5 | 22 
; 59 «| «58 
220 ; 
(0) 5 
230 | © i L 50 44-8| 41:3 | 37:21 34 | 31-2 | 28:5 | 248 | 21°8 
58 5d | : 
240 ] 
250] °" tl sa | 495| 435! 39 | 368| 348/315 | 29 | 252 | ars 
57 J] | 
260 | | 
na | 88 || | : = 
270 wy [| 05 | 49 | 455) 425 | 397 | 352] 315 | 282 | 27 | 255 
280 | ? | 


646 PROF. SYDNEY YOUNG ON THE 
dp 
Values of ae (=b) from Isochors. 
Vol so | 60 vo | 99 ao | 100 | 320 | 140 | 260 | 180 | 200 
Temp. 
[o) 
50 53 | 4:9 
60 
67 | 55 | 53 | 46 
70 
105 | 75 | 68 | 60 | 50 | 43 
80 
131 |110 | 97 | 85 | 661 57 | 49 | 46 
90 
160 | 11:3 -105 | 97 | 80 | 71 | 60 |-52 | 48 
100 
15.1170 | 185 | 183 | 112 | -98 | 78 | 65 | 56 
110 505! 4:5 
a0 |1¢5 | 145 | 122 |1138 | 97 | 79 | 66 | 56 
120 
a0 | 170 | 140 |“Irs | 97 | O95 | 74 1 66_) “53 
130 50 46 
205 1160 |135 | 11:7 |108 | 91 | 79 | 65 | 58 
140 
195 | 160 | 145 | 
150 120 | 1025| 9:45; 7:65! 66 | 57 | 4:95] 455 
19:5 | 16-0 | 135 
160 
20:0 | 165 | 140 | | 
170 11:35| 101 | 875! 75 | 605| 555| 5:05! 4-45 
195 | 15:5 | 120 
180 
; 185 | 1525| 13-25} 11-75| 10:25) 94 | 735 | 67 | 565] 49 | 4-35 
00 
: 19-25| 1575/1380 | 118 | 109 | 94 | 765| 63 | 54 | 48 | 4-95 
20 
19-25| 16-0 | 135 
240) rae 11:07; 9:67; 89 | 763| 68 | 5-77) 483) 447 
‘| 19" 
2504] ... | 16:25} 130 
50 120 | 1067] 925) 753 | 633) 56 | 497) 4-47 
19°75 | 15°75) 14°25 
280 


wn 
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d 
Values of = (=b) from Isochors. 
Vol.:..| 230 | 260 | 300 | 350 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 
Temp. 
1075 ) 
11 | 
$145] 1:25) 1:14] -96 88 
16°3 | 
30 y) 
2°45 | 2:05] 1-7 PW 1:35) 1-151)" 1-0 85 
40 
40 35 30 2'55| 215] 1:8 14 1:15} 1:05 9 “9 
50 
41 34 2-7 2:6 235) 1°75| 1:6 1:25] 1-1 1:05} -95 
60 
39 38 35 2°5 Pall 1:85) 1:4 1:25| 1:05 ‘9 of) 
70 
37 32 2-7 2-4 235} 165} 1:55!) 1:3 105} 1:0 85 
80 
39 34 31 2°5 21 1:85} 14 12 Es) a 0) 9 
90 
4:2 36 28 2°6 2:25| 1:9 145; 1:25} 11 | -95] -85 
100 > | 
| 2:25| 16 15 1:3 ite 1-0 9 
110 $| 385) 3-4 2°95| 2°6 | 
215| 20] 16 | 1-25} 11 | -95| -85 
120 J 


130 3:85| 35 | 295] 24 
140 


215) 185) 1:45| 1:2 12 Teh 9 


2:35! 19 | 16 | 1:35] 1-:05| -85| -g5 
150 395| 34 | 30 | 2-55 


165 
160 
3°9 3'35| 2°95) 2:45) 24 
180 
a7 34 2:°95.| 2:55! 2°05 
200 
39 34 3:0 2A 2 
220 ; 
3°83] 343) 2:9 26 | 223 
250 


3°83} 3:33} 2-9 2:57 | 2:27 


280 


648 PROF. SYDNEY YOUNG ON THE 


Values of P (=) from Isochors. 


8000 | 3500 | 4000 | 


Vol. ...| 1200 “00 1600 180 2000 | 2300 | 2600 

Temp 
10°75 | | 
110 |} -64 
jes | 66 58 | 51 | -42 | -36 | -30 | -26 | -26 | -21 
. 75 | 621 55 | 50 | -45 | -39 | 35 | -31 | -24 |] -21 
re 72 | 60 | 56 | 54 | -47 | 38 | -35 | 31 | -28 | -24 
en 70 | 60 | 53 | -45 | -44 | 37 | -31 | -29 | -24 | -21 
ne ‘73 | 67 | -54 | -46 | -39 | -37 | -31 | -27 | -23 | -20 
a0 7“7| 58 | 53 | -45 | -44 | -40 | -35 | -28 | -26 | -24 
or 6 | 57 | 64 | 50 | -43 | 34] -34 | -3t | -25 | -20 
oO 76 | -78 | 59 | 55 | -48 | -40 | -35 | -32 | -26 | -98 
in 15 | -62| 66 | 51 | -41 | -39 | -36 | 29 | -25 | -19 
a 68 |. nee ts 

ion 3 (Ci nies ee v8 

130 ‘OMe Soca ek poe 

140, gylpne? | | 

Te TO ale ath wie ye geen 


It will be seen from the preceding tables that the 
l 
values of 7 (8) are nearly but not quite constant. At 


volumes lower than 4°6 cub. centim. (the critical volume 
of a gram =4°'266 cub. centim.) the values of b increase with 
rise of temperature, whilst at greater volumes (up to about 
400 cub. centim.) they diminish. At still larger volumes they 
appear to be constant, at any rate the deviations are within 
the limits of experimental error. 

These deviations of b from constancy appear to he far too 
regular to be attributed to experimental error, and the results 
seem to confirm the conclusion arrived at by Amagat in the 
case of the substances examined by him, that the values of } 
are not absolutely constant. 
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It is noteworthy that with isopentane the isochor for a 
volume very slightly higher than the critical volume is 
straight, whilst those on either side are slightly curved in 
opposite directions. 

Tt is also noticeable that the variations in the values of } 
diminish as the temperature rises, and, indeed, that at volumes 
higher than 30 cub. centim. they practically disappear at the 
higher temperatures. 

This also agrees with Amagat’s conclusions from his 
observations with carbon dioxide, ethylene, and other gases 
(“ Mémoires sur l’élasticité et la dilatabilité des Fluides jusqu’ 
aux tres hautes Pressions,” Ann. Chim. Phys. 6th Series, 
vol. xxix. p. 67) :—“I1 parait résulter de ensemble de ces 
résultats que les variations du coefficient de pression avec la 
température, towjours trés petites, s'annulent aux températures 
suffisamment élevées et probablement & toutes les températures, 
sous des pressions suftisantes ; c’est bien ce que paraissent 
montrer les résultats relatifs & ceux des gaz qui, dans les 
limites de température de ce travail, sont déji beaucoup au- 
dessus de leur température critique.” 

The temperatures and pressures at the volumes given in 
the tables were mapped, and straight lines drawn to pass as 
well as possible through the points. From these straight 
lines the values of 6 were obtained, and they are given in the 
following table (pp. 650, 651). As the values of b tend to 
become constant at high temperatures, they have also been 
calculated for volumes from 2°4 to 400 cub. centim. from the 
observations at the three highest temperatures, and these are 
also given. 

At lower volumes than 2°4 cub. centim. the isochors were 
obtained indirectly from the isobars, and at higher volumes 
than 400 cub. centim. the variations are within the limits of 
experimental error. 

The values of 6 cannot well be mapped against the volume, 
but I have adopted the suggestion of Rose-Innes and plotted 


aes against v—"? (fig. 3, p. 652). 
At the largest volumes the value of oe becomes very 


the values of 


nearly constant and agrees closely with that (11:6) calculated 
from the molecular weight of isopentane. 


650 


PROF. SYDNEY YOUNG ON THE 


Volume of 
a gram in 
cub, centim. 


Cues Or se Oro 


or 


2 0 CO TAT OD CUCU BB CD CO CO CON NN NNNNND NEE Hee eet te 
ADNONONOMNORAWO AABN OSCSDABDALWNHHSHODDANAADA 


= & ©O 00 
On 


From drawn 
Tsochors. 


5711 
5450 
4823 
4202 
3712 
3390 
3014 
2734 
2475 
2309 
1914 
1644 
1425 
1238 
1111 
998°5 
913-0 
8345 
763-0 
704-5 
627:0 
557-0 
509°5 


From obser- 
vations at 
three highest 


temperatures. 


10000 
bv - 
From obser- 
From drawn | vations at 

Isochors. | three highest 

temperatures. 
OS gaacne 
ty pend aS Cos 
LQ alee Eee. 
LO ee atntee 
14 On | eres 
16398 Sl BSE 
OLS Sle see 
13925 Sie | merce 
2072) 2 | eM cee 
DA GDa pile“ geesccee 
2487) ine Raceas 
QOLY wt ake 
SOD LME a me wae 
3365 3°27 
3°602 347 
3851 3°74 
4-056 3:93 
4279 418 
4°520 4:39 
4731 4:59 
4-986 488 
5281 5:12 
5°455 25 
5 507 5:43 
5°733 Dd'57 
5°859 571 
5973 5°88 
6114 6:14 
6298 6°40 
6-489 661 
6628 6°87 
6-786 707 
6:925 7-25 
7-046 7°35 
TUG 7-49 
7-294 7:56 
7-424 7-68 
7-5AI 731 
7°705 8:07 
7917 8:15 
8:088 8:45 
8-258 858 
8-400 877 
84638 8°80 
8618 9-01 
8:698 9-11 
8-835 9:18 
8:872 9:18 
8-979 9:18 
9-196 9°34 
9314 9°36 
9:372 9-42 
9-470 9°61 
9:539 9°65 
971 


9°722 
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Table (continued). 


651 


b. 20000, 
by | 
Vol. of gram | From drawn Obs. at 3 high-|) From drawn |Obs. at 3 aa 
in cc. Isochors. est temps. Isochors. est temps. | 
40 25-48 25:7 9:813 73. | 
45 22-03 22°3 10:09 SY | 
50 19-49 19°6 10-26 1021 
60 15-94 16:0 10:46 10:42 
70 13°56 136 10°53 10°50 
80 11-92 11°62 10-49 10-76 
90 10°47 10°41 10°61 10:67 
100 9:31 9:18 10-74 10°89 
120 7 66 7-60 10:87 10:97 
140 6°54 6:48 10°92 11:02 
160 5-64 5°59 11-07 11-18 
180 4:97 4:87 11:18 11-41 
200 4:45 4-40 11-24 11:36 
230 3°887 3°85 11:18 11:29 
260 3427 3°39 11-22 11°35 
300 2°957 2°93 11°27 11-38 
350 2°521 sya | Bs) 11°34 
2:188 c | 11°48 11:36 
400 {5553 ook Eres ae 
500 O20 pe e aaocen hear TG a Mh ae eee | 
600 WAS OI © Paice 1 eed LD BIS err cee | 
700 POL Ales aren. ness SU eee. 
800 1-095 LI Ph eee 
900 O:Siivae law etc ES ne mete sone 
1000 OSS a eee LIE SOP = Nee @etaenees 
1200 OFT eS eens: VTA GS ae ecice 
“1 1400 G26 Mi Sante ge ei A eee 
1600 O;DAS Ries oe ee DES 7t oN bs 1 cele 
1800 OBS eee Se ee eee ar 
2000 COAST  renae LAS ee Man We cs 
2300 OG Ree vetie LOS ee Satie | dcsase 
2600 OBo2) ean: TGS Saeee Mone nee 
3000 0208 Oy reates EAO I). = tones 
3500 0°251 sles} 8) ae oi 
4000 OIG SMe, teen. DED B eT es hse 


A curve drawn through the points obtained from the drawn 
isochors shows a decided hump in the neighbourhood of the 
critical volume, and, in this respect, resembles that constructed 
from the data obtained by Ramsay and myself with ether. 


With the values of 10000 calculated from the observations at 
v 


the highest temperatures the hump becomes far less marked 
but does not disappear ; with the values derived from the 
observations at the lowest temperatures it would be greatly 
exaggerated. 

It is possible that at still higher temperatures the curve 
might become quite smooth, but unfortunately aboye 280° 
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694. Observation of Torsional Vibrations. R. W. Wood. 
(Wied. Ann. 56. pp. 171-172, 1895.)—This is a simple method of 
observing oscillations in which the seconds-hand of the watch and 
the vibrating body can be observed at the same time, thus obviating 
the necessity of a stopwatch. A mirror is attached to the vibrating 
body, which reflects the light of a lamp placed near the telescope 
into the observer's eye at the instant when the mean position is 
passed. Between the mirror and the telescope a piece of plain 
glass, thinly platinised, is introduced, at an angle of 45° to the 
vertical, which allows the flash to pass, but at the same time 
reflects the image of a watch lying on a table below. The observer 
notes the exact time indicated by the enlarged seconds-hand when 
the flash appears. With a little practice this may be done to 
within a fifth of a second. The seconds-hand appears of .course 


to move counter-clockwise, but it is easy to get accustomed to that. 
HAE: 


[This method may be simplified by allowing the flash to fall 
upon the watch direct, and reading the time at which it is illumi- 
nated. But here a difficulty lies in the fact that the light moves 
across the face of the watch. It is therefore better to catch the 
flash on a piece of white cardboard which reflects the diffused 
light on to the face of the watch. The latter may be observed 
through a lens. By varying the size of the cardboard and its 
distance from the mirror, the intensity and duration of illumination 


may be regulated at will. E. F.] 


VOL. I. on 
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695. Compressibility of Solutions. G. Tammann. (Zschr. 
phys. Chem. 17. pp. 620-636, 1895.)—This memoir consists of 
calculations based on the “law of congruence” for solutions ; 
according to which the thermodynamic surface (/(p, v, 0)=9) for 
a solution is identical with that of.the solvent displaced along the 
axis of pressure, by a certain amount, say AK, provided the unit of 
volume is taken to be the volume of the liquid, under no pressure, 
in each case. If welook upon the volume of aliquidas determined 
by the sum of its internal pressure K, and the external pressure p 
applied to it, we may regard AK as the excess of internal pressure 
produced by the salt in solution. It follows that if the pressure on 
a substance obeying the law of congruence is raised from 0 to p, the 
total internal pressure is raised from K + AK to K+AK-+~,, and 
the fractional compression produced is the same as that occurring 
in the solvent when its external pressure is raised from AK to 
AK+p. Now Amagat’s measurements of the isothermals of 
water are expressible by 

“ a Aaa A flog, (B +p)—log Bhu,, 
where v, is the volume under no pressure, and A B are constants. 
Hence the volume of a salt solution v,, , should be expressible by 


Vax,p— Yako=A flog, (B+ AK +p) —log,, (B+ AK) funn yo: 


In the last expression vag_,-9 means the volume which the 
solution would, according to the law of congruence, occupy if its 
total internal pressure (K+ AK-+ 7) could be reduced to the value 
it possesses in the uncompressed solvent, viz.: K. That is, ac- 
cording to Amagat’s results, 


UAK,0 


Vv j= . 
* =p=0" 1A flog(B+AK)—logB} 


Thus finally 

Aflog(B+AK +p)—log(B+AK)}¥4% 9, 
1—A}log(B+ AK)—log B} 

The author first gives a comparison of Amagat’s numbers with 


the results of the formula, the agreement being fairly close, and 
finds :— 


UaK, p— YaK,0 = 


Temp. A. B (atmos.). Vp: 
0 0-29387 2447 1:00018 
5 0:29202 2497 1-00006 
10 0:28653 2512 1:00031 
20 0:28401 2565 1:00180 
30 0:28974 2600 1:00436 


Now to determine the internal pressure AK of a solution as 
compared with the solvent, it is only necessary to determine the 
thermal expansion of a solution under no pressure (or atmospheric 
pressure) and compare it with the sheaf of isobars for water; it 
will agree with the expansion indicated by one of these, and the 


_ bap oe eae 
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pressure of that isobar will be the value of AK. AK is not quite 
a linear function of the concentration, and amounts to 700 to 
1100 atmos. for normal solutions of ordinary salts. It is thus 
possible to determine the compressibility of a solution by means of 
its thermal expansion, and avoid the great difficulties of the direct 
measurement. Tables are given for NaCl, MgSO,, (NH,),SO,, 
KI, and BaCl,, with the experimental numbers of ‘lait for com- 
parison. 

The law of congruence, however, is only a first approximation ; 
the author proceeds to show how to take into account the small 
deviations from it. These tend, in each case considered, to lessen 
the calculated compressions; in that way a more satisfactory 
agreement with experiment is obtained. R. A. L. 


696. Plasticity of Ice. O. Mugge. (Nach. G. Wiss. Git- 
tingen, pp. 173-176, 1895.)—In corroboration of the results of 
McConnel (Proc. Roy. Soc. 48. p. 259, 1899; and 49. p. 32%, 
1891), experiments are made upon the bending of small bars of 
ice, held horizontally, supported at the ends, and loaded at the 
middle. If such a bar, or crystal, is so cut that the optical axis is 
perpendicular to the length, the load causes considerable bending ; 
but a rod having the optical axis horizontal shows no appreciable 
bending under these conditions. This agrees with the supposition 
that the crystals consist of thin lamine, formed of a flexible but 
almost inextensible substance, the interspaces being filled with a 
separating medium which is sufficiently viscous to retard the 
mutual gliding of the plates. Ice, in this respect, resembles 
KMn(Cl,.2aq., where the deformation results, similarly, from a 
motion of translation of the component lamine, retarded by viscous 
matter in the interspaces. The experiments seem to show that 
this motion of translation takes place with equal facility in all 
directions parallel to the end surfaces ; and, within the limits of 
—3° C. and —16° C., the extent of the motion, for a given load, 
appears to be independent of temperature. ; Ty. A. 

697. Theory of Gases and Liquids. G. Bakker. (Zschr. 
phys. Chem. 17. pp. 678-688, 1895.)—Some wel:-known results 
are here obtained in rather clumsy fashion, the reasoning being so 
ordered that it is difficult to make out precisely the assumptions 
upon which any particular result depends ; and the conclusion is 
stated that (1) Joule’s law, expressed by e=/f(¢), (2) Boyle-van der 
Waals’ law, p(v—b)=¢(t), (8) Gay Lussac-van der Waals’ law, 
v—b=tw(p), (4) the law of the dependence of cp and ¢, on tempera- 
ture alone, (5) the law of the constancy of ¢»—cy, are so related that 
each law entails the other four—which is not true except under 
certain assumed conditions. Joule’s law by itself, for instance, gives 
nothing but the dependence of ¢ on temperature only, and of p/t 
on density only ; Boyle-van der Waals’ law gives nothing but the 
dependence of ¢p—¢y on temperature only, unless g(t) x¢ or some 
other equivalent relation holds; and so on: Ie date of the 

2H 
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reasoning has in fact been founded on the initial assumption of 
law (4) and of the absence of molecular action. A calculation 1s 
then made of the contraction that accompanies the mixture of two 
liquids and its agreement with a law of van’t Hoff is shown, and 
the theorem is given that the pressure of a fluid at constant 
volume and its co-volume at constant pressure would be increased 
in the same ratio by the removal of molecular action. R. E. B. 


698. Influence of Pressure on the Electric Conductivity of Solutions. 
G. Tammann. (Zschr. phys. Chem. 17. pp. 725-736, 1895.)— 


ON ; : 
f x 35 is plotted as a function of m, the curve is a complicated 


one (A=conductivity, m=concentration); that is because the 
change in conductivity is due to three causes :—lst, pressure 
reduces the volume, and so by bringing more ions into a cubic 
centimetre increases the conductivity; 2nd, it changes the vis- 
cosity (for low pressures the viscosity of water is diminished by 
pressure, and so the conductivity increased); 3rd, pressure in- 
creases the dissociation constant, and so the conductivity. The 
first two effects, in solutions, depend on the internal pressure (AK) 
of the solution : e.g. if AK =1000 atmos., a rise of external pressure 
from 0 to 100 will only produce the same effect as would, in water, 
a rise of pressure from 1000 to 1100 atmos. (see Tammann in 
Zschr. phys. Chem. 18. p. 174, 1894). .The volume effect is thus 
less for strong solutions (AK large) than for weak ones; but 
always remains +ve. The viscosity effect is reduced, and changes 
sign at about AK=800 atmos., after which pressure increases 
the viscosity. or very dilute solutions the dissociation is already 
complete, and the third effect therefore vanishes: in that case 
500 atmos. external pressure produces 2°2 per cent. decrease of 
volume, and 2°3 per cent. decrease of visvosity, giving 4°5 per cent. 
increase of conductivity. This is confirmed by Réntgen’s experi- 
ments on NaCl and KCl.—It has been shown that the dissociation 
of 1 gm.-molecule of a binary electrolyte produces a contraction 
of about 10 ¢.c. in its solution. Pressure therefore favours the 
dissociation ; the exact relation is given by 


fo) logek Shiv Av 
Op 1000 RT’ 
where / is the dissociation constant and Av=—10c¢.¢. This gives 


at 18° an increase of 23°35 per cent. in k for 500 atmos. The 
resulting increase of dissociation is tabulated for various values of 
k and v: it amounts to 10 per cent. when kv=0-01; its greatest 
value is a little over 11 per cent. Curves are then drawn showing 


100 OA 
the total value of Oe (say Og/Op) in its relation to the con- 


centration for strong, medium, and weak dissociated electrolytes. 
The aathor proceeds to show that, according to the law of con- 
gruence, 

Oe edn y om 

om om Op 
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Now as the left-hand expression is always +e, it follows that 
0°q/Op* is +ve so long as 0q/p increases with concentration, 
and vice versd. Instances are quoted, supporting this conclusion 
by experiment. Re As B: 

699. Stresses produced in a Continuous Girder owing to Differences 
of Temperature between the Flanges. Deslandres. Note on the 
preceding, M. Levy. (C. R. 121. pp. 414-421, 1895.)—The first- 
named author shows that differences in temperature between the 
upper and lower flanges of a continuous girder produce strains in 
the material, owing to the tendency of the heated portion to ex- 
pand, of the cooled portion to contract. He obtains an idea of 
the order of magnitude of the forces brought into play by con- 
sidering the case of a beam rigidly fixed at both ends. Experiments 
made on the bridge of Bezons, which spans a small tributary of the 
Seine, showed differences of temperature of about 14° C., which 
the calculations show should produce tensions and compressions 
equal to 1-7 kg. per sq. mm., or, allowing for the rivet-holes, about 
2 kg. per mm., a magnitude about 4 of the maximum fixed by 
the circular of 31st Aug., 1891—presumably issued by a body 
corresponding to our Board of Trade. 

The second-named writer deals with the problem in a more 
complete manner: he considers (1) a girder fixed at one extremity 
and supported on rollers at the other; (2) a girder fixed at both 
ends ; (3) a continuous girder of many spans fixed at one end and 
supported on rollers at the other supports. The complete formule, 
which are very clearly expressed, showed that in many cases the 
forces called into action are even greater than those indicated by 
Deslandres. A. Gs. 


700. Mont Blane Observatory im 1895. J. Janssen. (C. 
R. 121. pp. 391-392, 1895.)—Janssen announces under date of 
Aug. 31, that Bigourdan, of the Paris observatory, has made 
gravitation-tests at Chamounix and on the Grands Mulets (3050 m.) 
with an instrument lent by the Minister for War, and that Thierry 
has spent one day on the summit, conducting bacteriological and 
ozone tests. In spite of the frequent storms, the transport of 
the heavy instruments up to the summit has been effected without 
any injury to the porters. No details are given. H:-B: 


701. Comparisons of Length. B. Pemsky. (Zschr. In- 
strumk. 15. pp. 313-322, 1895.)—A short description is here 
given of the building, in Berlin, in which the Imperial Commission 
of Standards carries out the comparison of lengths. Special care 
has been directed to the regulation of temperature; with the 
result that the daily variation of air-temperature within the room 
does not exceed a few hundredths of a degree. To attain this, the 
walls and ceiling are provided with a 10-inch air-jacket, formed 
between two coverings of sheet-zinc. The first covering is in 
contact with the wall, and the second is separated from this by 
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bolts. Gas-burners are distributed within the air-space, and by 
regulation of the flames and ventilation the air-temperature 
within the room is continuously controlled. The floor has a sub- 
stratum of glass which keeps out, moisture. The mechanism for 
comparing lengths is of the construction in which the moving 
part is the measuring-apparatus, and the object to be measured is 
kept at rest. The range is from nothing to two metres. ‘Three 
drawings form the principal part of the description. as 


702. Viscosity and Conductivity of Amalyams. KE. R. v- 
Schweidler. (Wien. Ber. 104. 4. Part Ila. pp. 278-280, 1895.)— 
The measurements of viscosity were made by Poiseuille’s method, 
under the pressure of the liquids themselves, care being taken to 
avoid oxidation by covering the amalgam with a layer of acidulated 
water. The results are given in the form n=n,(1+at+ Be). 


Noe a. B. Ti Or /Ot. 
1aWey Ue) snoonenbs 0:01579 = =—0:00825 400000066 1: + 000928 
Sol Pte} 7S Ssnone 001691 360 153 08294 873 
Jp TOYO ele ae 001627 365 187 0:9666 854 
TOL i. cooee. 001689 300 059 0:9308 950 
Chi) yA cco 0:01620 302 025 
7, 18 the resistance at 0° compared with mercury. Rav As Ts 


703. Van der Waals’ Thermodynamic Theory of Capillarity. 
W. Sutherland. (Zschr. phys. Chem. 17. pp. 5386-538, 1895.) 
—On Laplace’s theory, capillarity is due to discontinuity at the 
surface; to explain capillarity with continuity, van der Waals 
retains terms which Laplace rejects as insignificant (Abstract 
No. 147, p. 67). But the condition of discontinuity in Laplace’s 
theory could be got over without his expression for capillarity 
disappearing, by the consideration of an exceedingly thin layer of 
liquid: hence the assumption of continuity does not in itself cause 
this expression to disappear. It is especially necessary, therefore, 
to define continuity with regard to variation of density; for the 
rate of change of density at the surface of the mercury in a baro- 
meter could scarcely be small enough for van der Waals’ method to 
be applicable. Since the replacement of discrete molecules by con- 
tinuous media, and therefore of summations by integrations, makes 
the mutual action between two parts of a fluid appear to be inde- 
pendent of the average distance between its molecules, this method 


of calculation is bad. RE. Be 


704. Vibrationless Supports for Instruments. W. HI. Julius. 
(Wied. Ann. 56. pp. 151-160, 1895.)—In order to avoid the 
inechanical vibratory disturbances to which rigidly supported 
instruments are subject, it is proposed to suspend them from three 
equal wires, two or three metres in length. (The arrangement is 
similar to the well-known English method of using indiarubber- 
tube suspensions.) Three wires are attached to an overhead beam, 


Sr 
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at the angular points of an equilateral triangle; they carry at their 
lower ends a triangular plate for the support of the instrument. 
The centre of gravity of the whole suspended system, including the 
istrument, is to be at the centre of the triangular plate; to 
provide for this, a rod is fixed vertically downwards from the 
middle point of the under side of the plate; and by sliding a 
weight upon this rod the centre of gravity can be brought to the 
required position. The arrangement does not seem to have been 
put to an adequate practical test. For damping the effects of air- 
currents, side-vanes are fixed to the piate; these dip vertically into 
dash-pots. Uljanin has suggested that such dash-pots may be 
filled with cotton-wool. trea 


705. Vibrationless Supports for Instruments. W. Einthoven. 
(Wied. Ann. 56. pp. 161-166, 1895.)—The readings of a 
Lippmann’s electrometer are greatly affected by mechanical 
vibrations. The difficulty is overcome by supporting the in- 
struments upon iron plates floating on mercury. This method 
of eliminating vibration was previously used by Michelson and 
Morley for a somewhat different purpose, and is described in 
‘The American Journal of Science,’ (3) 34. R.A. 


706. Determination of the Density of Gases. HH. Moissan and 
H. Gautier. (Ann. Chim. et Phys. 5. pp. 568-573, 1895.)— 
The authors proceed after Dumas’ method of determining vapour- 
densities, weighing equal volumes of the gas and of air. The 
measuring-bulb, of 100 ¢.c. capacity, is provided above with a 
three-way cock, from which an almost capillary U-tube for 
drawing in the gas branches off, and ends below in a calibrated 
tube to which a rubber pipe is joined, connecting the bulb with a 
mercury basin. On the stem above the three-way cock fits a glass 
balloon, also provided with a three-way cock, so that, starting from 
above, we have: balloon, cock, joint, cock, bulb, rubber tube. The 
balloon is ten times filled with dry air and closed; the gas is 
drawn into the bulb by manipulating the mercury basin, and the 
bulb closed; the apparatus is then left standing overnight, to 
equalise the temperatures. Next day the balloon-cock is opened 
for an instant to reduce the air in it to the atmospheric pressure, 
and weighed against a similar flask. The balloon is then evaluated, 
the gas pressed into it, the pressure almost balanced by introducing 
dry air, and the balloon reweighed. If p is the difference in weight 
in grammes, v the volume of gas and air at ¢°, then the density w 
results from 


p = v.0-001293(a—1). H/760(1 + 0-00367 t). 
Tests have been made with O, CO,, H, N—the former pure; the 


N obtained from air, deprived of its CO, and then of its O by 
means of phosphorus. Hydrogen gave 0-068, 0-066, Regnault 
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0-069 ; Oxygen 1:100, 1:101, Regnault 1:1056; Nitrogen 0:979, 
0-980, Regnault 0:9714. The method seems, therefore, sufficiently 
accurate for laboratory purposes. Nels 5 


707. Critical State. KK. Wesendonck. (Wied. Ann. 55. 
pp. 577-581, 1895.)—Further discussion (vide Abstract No. 334), 
ntroducing the experiments of Villari (Journ. de Phys. (3) 3. 
p. 441, 1894), as to whether the critical change occurs at a definite 
emperature or through a small interval of temperature. 8. 8. 


708. Solubility of Hydrated Mived Crystals. W.Stortenbeker. 
(Zschr. phys. Chem. 17. pp. 643-650, 1895.)—The paper contains, 
a graphical representation of the solubility-isothermals for two 
isomorphous substances which form (A) two sorts of mixed erystals 
and (B) three sorts. S. 8. 


709. Organic Developers of the Latent Photographie Image. 
A. and L. Lumiere. (Ann. Chim. et Phys. 4. pp. 271- 
288, 1895.)—The authors have endeavoured to determine some 
general characteristics in the chemical constitution of those 
organic reducing agents which possess the power of developing the 
latent image. The experiments were mostly on members of the 
aromatic group. A substance of this series, to be a developer, must 
possess at least two radicals OH or two NH,, or one OH and one 
NH,. These radicals, too, must be in positions either para or ortho. 
The developing power is greatest in position para, less in ortho, and 
nil in position meta. Thus, of the three isomers resorcinol, pyro- 
catechin, and hydroquinone, which are respectively meta-, ortho-, 
and para-hydroxybenzene, the latter two arc good developers, while 
the first has no effect. In the case of a double ring, the foregoing 
conditions must be fulfilled by radicals in the same ring. The 
developing power is not lost on making further substitutions in the 
other CH radicals, though the presence of COOH makes the use of 
a strong alkali necessary in development. Bodies not containing 
this group will develop in neutral or even acid solutions, provided 
they possess more than two substitutions OH or NH,. Substitution 
in the hydroxyl and amide groups destroys the developing power. 
No other groups besides the three HO--OH, HO—NH,. H,N—NH 
confer developing power on members of the aromatic series, and 
these give no result in the fatty series. The latter two, hydroxyl- 
amine and hydrazine, themselves are developers. Several compounds 
—-resorcinol, guaiacol, and others—which have been considered as 
developers were found to give no result when pure. G. H. Ba. 


_ 710. Electrical Conductivity of Palladium-Hydrogen in Relation to 
ats Dissoration Pressure. A. Krakau. (Zschr. phys. Chem. 17. 
pp: 689-704, 1895.)—A palladium wire is saturated with hydrogen 
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in a voltameter containing dilute sulphuric acid. The quantity of 
hydrogen is estimated by a second voltameter with platinum plates 
in series with the first. After some time the connection is broken, 
and the resistance of the wire is measured by a Wheatstone’s bridge. 
The following are the conclusions :— 

(1) For the formation of Pd,H the presence is required of a 
volume of hydrogen greater than 40 times that of the palladium. 
The influence of temperatures up to 140° on this ratio is not great. 

(2) Up to 40 volumes the hydrogen is simply dissolved in the 
palladium, and the vapour-pressure is proportional to the volume 
dissolved. 

(3) The electrical resistance increases at various rates according 
as the hydrogen is only dissolved or exists as a chemical com- 
bination. Sots. 
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LIGHT. 


711. Absorption-Spectrum of Water, and the Tisswes of the Hye. 
E. Aschkinass. (Wied. Ann. 55, pp. 401-431, 1895.)—Expe- 
riments were made chiefly on the infra-red rays. The instrument 
used was a bolometer ot customary construction, having a sensi- 
tiveness of one scale-division for 3x 10-5 degree Cent. Layers of 
water were used, either 0°001 cm. thick (between two fluorite 
plates separated by a ring of tin-foil) for the range \=1:64 p to 
8:49 po; 0-005 cm. (\=0 670 to 2°711); Lem. (A=0°705 to 1-459) ; 
5 cm. (A=0°670 to 1:205), or 100 cm. (A=0°45 to 0°8). In the 
first case a fluorite prism was used; in the others flint glass ; and 
in the last case a larger spectroscope and more delicate bolometer 
were required. The maxima of absorption at 6°10 p, 4°70 p, 3°06 pw, 
1:94 p, 1°50 pu, 1°25 p, 100 pw, 0°77 x found agree with those observed 
by Paschen and others. A table is calculated giving the absorption- 
coefficient ¢ for all the wave-lengths, e being the reciprocal of the 
thickness required to reduce the intensity of the radiation in the 
ratio ¢:1. lt increases froin 0:00005 at X=0°5375 u to 27338 at 
A\}=3:02 wp. At the limit of the red it has the value 0°0241. 

Jn the second part of the memoir similar experiments on the 
tissues of the eye are described. ‘The author failed to find any 
appreciable difference between them and water. He concludes, 
accordingly, that the invisibility of the rays below 0°76 « is not due 
to absorption in the eye, the absorption being, in fact, only 35 per 
cent. at A=1-095 p. By As 


712. Lighting by means of Incandescent Gases. ©. E.Guillaume. 
(L’Ind. El. 4. p. 878, 1895.) —This is a letter written by Guil- 
laume to Hospitalier criticising a paper by A. Wirtz in C. R. 
121. pp. 306-808, 1895. Guillaume declares Wirtz to be wrong 
in considering the absorption of the rays from the invisible part 
of the spectrum by different liquids to be the same, and notes 
that the experiments of Zsigmondi have shown that solutions 
of certain iron salts are much more absorbent than pure water, even 
when they are colourless. The details of the calorimeter used by 
Wirtz are not given, and consequently the value of his results 
cannot be estimated. In exciting his vacuum-tubes, Wirtz used 
an induction-coil and a Holtz machine. In the first instance 
power is measured by the products of volts and amperes, and in 
the second case by the difference of the powers required to drive 
the machine with and without the tubes. Guillaume objects to 
both of these methods of measuring power, because in the case of 
the induction-coil it is not stated whether the voltage is the 
maximum, the virtual, or the mean value, and in the case of the 
Holtz machine it is probable that the power necessary to overcome 
friction is not the same when the machine is working on open and 
on closed circuit. Wi Gee Rn 
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713. Calculation of the Heat of Solution from the Solubility. 
J.J. van Laar. (Zschr. phys. Chem. 17. pp. 545-549, 1895.)— 
It is shown, both from the results of a previous paper (Abstract 
No. 692) and directly, that Rudolphi’s formula L = W+Qz« 
should be 

L=W+Q2/(2—«), 


where L is the actual heat of solution, W the heat of solution for 
undissociated salt, a the degree of dissociation, the concentration 
of the salt in a saturated solution being taken to be very small. 
This result gives for J. the value 
47° 
it eS Sloe C; 
| 
which is acknowledged as correct by van’t Hoff, who, writing 
1 =1+a, has previously given both 


2i7r*(d/dr) log C and 2ir*(d/dr) log iC 


for this value, the latter of which would also result from Rudolphi’s 
incorrect formula. 

Another of Rudolphi’s formule is stated to be a particular case 
of one of the author's; but in the comparison the difference of a 
sign and the omission of a coellicient have been overlooked. 

RK. Be B, 


714. Critical Temperature and Boiling-Point of Hydrogen. KK. 
Olszewski. (Wied. Ann. 56. pp. 133-143, 1895.)—These tempe- 
ratures were obtained by the expansion method used previously tor 
finding the critical pressure. During a slow expansion from a high 
pressure to the critical pressure (20 atmospheres), the critical 
temperature is that indicated at the moment of first ebullition, and 
the temperature of the liquid attained on further expanding to 
ordinary pressure is the boiling-point. The main difficulty lies in 
fixing the exact temperatures. ‘Thermo-couples are unsuitable for 
this purpose, being neither light nor sensitive enough. The author 
used a coil of platinum wire 0:025 mm. thick, mounted on a mica 
or ebonite support, which was introduced into a steel cylinder 
placed in communication with a hydrogen reservoir under 17U atmo- 
spheres. The varying resistance of the platinum coil served to 
measure the temperature, care being taken to make the current so 
small as not to heat the wire. The resistance of the coil at U°C. 
was 1049 ohms. The mica carrier and wire weighed only 0°177 
grammes. To calibrate the resistance-thermometer, the steel 
cylinder was immersed successively in melting ice, a mixture of 
ether and solid carbonic acid, in liquid oxygen at atmospheric 
pressure, and in the same under a pressure of 15 mm.: the tempe- 
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ratures of 0°, —78°-2, —182°5, and —208%5 being indicated by the 
hydrogen thermometer in the four cases. Assuming the platinum 
to have a resistance of 1000 ohms at 0°C., this would fall to 
523 ohms at —182°°5, and to 453 at — 208°-5. Between these two 
temperatures, therefore, a difference’ of resistance of 2°692 ohms 
corresponds to 1°C. difference of temperature. Three different 
platinum coils were used, which all showed the same temperature- 
coefficient. Reducing the resistance in each case to 1000 ohms at 
0°, the following indications were obtained :— 


H expanded to Resistance. Temperature, 
20 atm. (critical pressure).. 383 ohms —234°°5 
(critical temperature) 
a er RR a ickogatl saree a 8 3090 ,, — 239°°7 
Tee Nee eat pe pa —- 243°5 


(boiling-point) 


These values, —234°-5 for the critical temperature and — 243°:5 
for the boiling-point, differ only slightly from the values predicted 
by Natanson from thermodynamic considerations. Be Dear 
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715. Resonance. WNeyreneuf. (Ann. Chim. et Phys. 5. 
pp. 418-428, 1895.)—A reed is mounted on a tube whose length 
can be varied, and air is blown in through a side tube. The reed 
can only be made to sound with certain lengths of resonance-tube, 
and the difference between any two of these lengths is a multiple 
of 3. Experiments were made with a tube which, at the end 
farthest from the reed, expanded into a wide cylinder. In this 
case the movement of the reed depends only on the length of the 
narrower tube, except when the wider tube is of such a length as to 
produce resonance. If the cylinder is altered in length by allowing 
water to flow in or out, in general the action of the reed is not 
affected by the position of the water-level, but when the level is in 
certain small regions 3A apart, the reed becomes very sensitive to 
small changes. If the expansion is not cylindrical, similar phe- 
nomena are observed, but the sensitive regions are not equidistant. 
When the expanded space is made heterogeneous by being filled 
with shot, coke, metal turnings, &c., the results are the same, but 
the wave-length is diminished. According to the author’s mea- 
surements, when the water-level is rising the wave-length observed 
is a little less than the normal wave-length of the sound, and vice 


versa. Je Wee Cx 


716. Siren. HX. Pellat. (J. Phys. 4. pp. 366-368, 1895.)— 
This siren is one of the type provided with a separate motive 
power. The disc is driven by an electric motor mounted on its 
axle, and fed with a current of 3 or 4 accumulators. The holes in 
the dise are bored perpendicular to the fan of the disc, instead of 
slanting as in Cagniard de la Tour’s siren. Hence the air passing 
through does not affect the velocity of the disc, and any degree of 
loudness can be given to the same note. The pitch is regulated by 
an electric brake in the shape of a copper disc mounted on the axle, 
and rotating between two powerful electromagnets supplied by a 
branch of the same circuit in which a rheostat is inserted. The 
most striking difference between this and the ordinary siren lies in 
the low notes, which can be given a great intensity and have then 
as pleasing a musical character as high notes. E. B. EF. 
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717. Electrical Conductivity of Salts in various Solvents. C. 
Cattaneo. (Rend. Ac. Line. 4. 2, pp. 63-70, 1895.)—The author 
adds to those he has already published, data for HgI,, AuCl,, and 
PtCl, dissolved in various solvents, 7. e., water, alcohols, and ethyl 
ether, and he promises the full discussion of the numeral results 
in a further communication. S. 8: 


718. Fall of Potential in a Three-Phase Cirewt. J. Rodet. 
(L’Ind. El. 4. pp. 402-405, 1895.)—This paper is devoted to the 
calculation of the fal! of potential in the various sections of a tri- _ 
phase circuit arranged in the mesh fashion. Particular cases are 
considered according to the way in which the load is distributed 
amongst the three sections. The particular cases considered are 
(1) one section only loaded ; (2) two sections loaded ; (3) a system 
in which motors are connected with all three sections of the line, 
but lamps between two of the sections only. The conclusion the 
author arrives at is that the fall of potential in the sections may 
be diminished, but at the cost of increased weight of copper. 


W.G. RB. 


719. Reverberatory Electric Furnaces. TH. Moissan. (Ann. 
Chim. et Phys. 4. pp. 865-390, 1895.)—In the Ecole de Phar- 
macie, Moissan had only a 4 H.P. gas motor; later on, the 
Gramme Co., and then the Edison Co., placed their power at his 
disposal, so that he could utilize up to 150 and 300 H.P. None 
but continuous currents were-employed. Most of the furnaces 
consist of an upper and a lower block, the lower having two hori- 
zontal grooves in the same straight line, through which the elec- 
trodes are pushed, and a hollow in the centre. For the early and 
some special experiments quicklime, from the greenbank of the 
Paris basin, formed the block material. For currents of between 
40 and 125 amperes and 55 or 60 volts, the lower block would be 
18x15 em., and 8 em. thick, the upper 5 or 6 em. thick; for 
greater currents, all dimensions are increased by 2 or 3 cm. The 
electrodes are made of retort-carbon, powdered, extracted with 
acids, calcined, mixed with tar, highly compressed, and again cal- 
cined ; boric acid and silicates are particularly to be avoided; the 
original carbon must not contain more than 1 per cent. of ash. 
The electrodes are from 20 to 40 cm. long, and from 12 to 27 mm. 
(and even 50 mm.) in diameter. When working with currents of 
less pressure, both electrodes should be pointed conically, as it is 
awkward to restart the arc; for larger currents, one electrode 
may be left plane. When the furnace has become quite hot, 
the metallic vapours prevent any interruption of the are. The 
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carbon crucibles, put in the hollow, on a bed of magnesia are cylin- 
drical, 4 cm. high, 3 and 2 cm. in external and internal diameters, 
and are provided with grooves for the electrodes. When made of 
ordinary retort-carbon, they swell a good deal; when specially pre- 
pared trom powdered carbon, they are also partly transformed 
into graphite, but retain their shape. There should be an annular 
space, 1 or 2 cm. wide, between the crucible and the walls of the 
hollow. ‘The magnesia-bed is required, as at the high temperature 
the lime is reduced, a calcium-acetylene compound being formed. 
When lime is to be volatilised from and in the furnace, a hollow 
of 3 cm. depth is scooped in the lower block; no crucible is needed. 
After 4 minutes, with currents of 360 amperes and 70 volts, flames 
50 cm. long burst through the grooves, and clouds of lime-fumes fill 
the room, where they remain suspended for hours. Currents of 
800 amperes and 110 volts will volatilise 100 gr. of CaO in 5 
minutes. As soon as the are is struck, the odour of hydrocyanic 
acid, synthetised from the water in the carbons, acetylene and the 
nitrogen of the air (Berthelot), and the purple cyanogen flame 
become noticeable. This soon stops, and the are of 1 cm. has to 
be lengthened to 2 cm. more; when metallic vapours (Al) are 
present, arcs of 5 or 6 em. have to be used. The lime may form 
waxy stalactites. It conducts the heat so badly that the still 
radiating cover may be held in the hand. In this respect lime is 
far superior to magnesia, which, though irreducible so far, does not 
allow the heat to be so well concentrated. With carbon furnaces, 
the losses of heat are far greater still. The positive carbon elec- 
trode suffers less than the negative; both are converted into 
graphite over lengths of 8 or 10 cm. ‘With strong currents shunt 
circuits may form, and the apparatus has to be handled with great 
care. The arc-flashes endanger the eyes more with weaker 
currents, because the experimenter is less hampered by the heat 
and attempts to observe more closely. 

Limestone furnaces are, on the whole, more easily made. For 
100 H.P. the dimensions are: lower block 30x20 em., 15 em. 
thick ; upper block, 11 cm. thick ; such a furnace can bear 6 or 8 
operations, The bed should consist of alternate layers of magnesia 
and carbon, the crucible standing on magnesia. The stone has 
to be dried carefully ; to obviate any splitting, the blocks are clasped 
by iron bands. The carbonic acid generated 18 reduced to carbonic 
oxide which, in spite of all ventilation, sometimes disabled the 
experimenter for weeks. When vapours are to be condensed, a 
copper U-tube 15 mm. in diameter is introduced, through which a 
water-current is forced under a pressure of 10 atm.; the temperature 
is said not to rise by more than 3°. For the maximum power of 
300 H.P., carbons 5 cm. in diameter are employed; they are 
wound at their ends with wire-gauze and held by stout copper 
jaws. The crucibles had 7°5 and 9 cm. (inside and outside) in 
diameter, a height of 10 cm., and could yield 400 gr. of fused 
tungsten in 6 minutes. Magnesia crucibles have also been em- 
ployed. The magnesia is prepared by Schloesing’s method from 
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calcined bicarbonate, several times washed, calcined again, and 
finally stirred with water to form bricks which must be dried very 
slowly, before they can be baked. As the most intense ares of 
1400 amperes and 100 volts melt the lime which drops, giving 
rise to crepitations and violent fuming, the walls of the wide, 
right-angled chamber are lined with alternating plates of magnesia 
0-01 m. in thickness, and of carbon. The magnesia melts and evapo- 
rates ; the heat further renders it more dense, the specific gravity 
rising from 3:193 to 3:654, which Ditte has ascribed to polymeri- 
sation. 

When the gases of the furnace are to be excluded, carbon tubes, 
from 5 to 40 mm. in internal diameter, are inserted in the wide 
chamber, below the electrodes, which they cross at right angles. 
When the tube is above the are[ “dessus” is printed in both instances, 
here as in other places] the temperature cannot be raised so high. 
These tubes are porous, so that any gases, hydrogen or nitrogen, 
have to be forced through at a rapid rate. All attempts to prepare 
a suitable carbide coating have failed, but magnesia and double tubes 
have been used with some success. For metallurgical tests, these 
tubes are inclined under 30°. The mixture is continuously charged 
in at the one end; the metal runs out at the other end, still within 
the furnace, and is further fused by another arc. Up to 10 kg. of 
chromium have been fused in one operation. The temperature 


seems to increase with the current, and probably rises to 3500°. 
HB: 


720. Holtz Influence Machine EK, E. F. Schmidt and 
H. Ruhimann. (Wied. Ann. 56. pp. 167-170, 1895.)—The 
attempt was made to increase the output of the Holtz machine 
by simply increasing the speed, the size of the armatures, and the 
number of teeth in the collecting combs. — The current supplied 
by the machine under various conditions was measured by a galva- 
nometer, the influence-machine being driven at various speeds by an 
electric motor. In every case the current was directly proportional 
to the speed of rotation. On increasing the radial breadth of the 
armatures from 10 to 14:5 em., and the number of teeth in the combs 
from 14 to 31 (in two rows), the output was increased by nearly 
20 per cent., the speed being the same. When the humidity of 
the air decreased from 3°2 to 2°1, the output was further increased 
by 25 per cent. Ina Toepler machine of the same dimensions, 
the increase of efficiency due to similar constructive alterations 
was only 6 per cent., and the current was not so steady as in the 
Holtz. The duplication of the comb-teeth also makes the current 
decidedly steadier. HE. E. F, 


721. Magnetic State of the Planets. E. Leyst. (Repertorium 
fiir Meteorologie, 17.1, pp. 1-118, 1894.)—The author has 
exhaustively examined the photographic records of the magneto- 
eraphs at St. Petersburg, and later at Pawlowsk between 1873 and 
1889, to see if it is possible to trace any systematic effect produced 
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on the terrestrial magnetic elements by the other planets of the 
solar system. In this paper the author deals at great length 
with the declination records, and somewhat less fully with those 
of horizontal rorce. Three methods are employed :—(1st) The 
mean declination for the day at which the inferior or superior 
conjunction in the case of the inferior planets, or conjunction 
or opposite in the case of superior planets, takes place is com- 
pared with the mean declination for neighbouring days or for the 
month. (2nd) By means of the mean value of the secular change 
for the period 1873-1885 the value of the declination for the time 
of conjunction, &c. is compared with the actual value. (3rd) The 
value of the diurnal range at conjunction, &c. is compared with 
the mean value. Although the differences obtained are exces- 
sively small, amounting as they do to only a fraction of a minute 
of arc, and large as is the probable error, the author considers that 
the numbers obtained point to the planets being so highly mag- 
netised that they are capable of affecting the magnetism of the 
earth to an extent which is recognisable with the magnetographs 
now in use. Ww. W. 


722. Conductivity of Mixtures of Metallic Filings and Di- 
electrics, G.'T. Lhuillier. (C. R. 121. pp. 345-348, 1895.) 
—Experiments are first adduced to show that the increase in 
conductivity, which is produced by an induced E.M.F. in tubes 
containing mixtures of filings and various dielectrics, is not due to 
a modification of the dielectric as a whole, for a liquid dielectric 
can be removed and replaced by another without disturbing the 
altered conductivity. The liquids for this must possess no inter- 
action, ¢. g., water can replace olive oil. Further, it is shown that 
the increase of conductivity does not result from a modification of 
a liquid sheath adhering to each metallic particle, by means of 
direct experiment made with a point and plane which could be 
approached very close together. The effect is attributed principally 
to a drawing into contact of the metallic particles. Tete: 


723. Sources of Error in very Sensitive Apparatus. HH. Ar- 
magnat. (L’Ind. El. 4. pp. 380-382, 1895.)—The author considers 
the errors introduced into readings with a very sensitive galvano- 
meter due to the gravitational attraction of the needle by the coils 
of the instrument, and finds that the error is of the same order of 
magnitude as the quantities to be measured. Experiments are 
made with a Weiss astatic galvanometer recently presented to the 
Société francaise de Physique. The galvanometer consists of two 
pairs of very small coils between which are suspended two mag- 
netic needles and separated by distance of 0-06 cm.; the magnets 
weigh 5 milligrammes each, and are mounted on a strip of mica. 

Let M, M! be the magnetic moments of the two needles 8 ' 

H the intensity of the field in which the instrument is 
placed ; aa 
n the number of turns of wire on a pair of coils ; 
VOL, I. 21 
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p the mean radius of the coils ; and 
© the figure of merit of the galvanometer. 
Then, if the needles are deflected through an angle a, we have 
2rn 1 


H(M—M’) sin eS + G COS am 


In the Weiss galvanometer the directing couple is given by 


ee FO DG LO has 
C being expressed in megohms. 

The author proceeds to calculate roughly the Newtonian attrac- 
tions in this galvanometer, and finds that moment of the couple 
due to these forces is approximately 


2KmpDeo sin & cos « 


a a 
(= —0o sin? «) 
4 


where m is the mass of the magnets, » that of the coils; D the 
distance between the coils; 26 the distance between the needles ; 
K_ the gravitational constant ; and @ the angle through which the 
needles are turned. 

When this couple is equal to the couple 


H(M—M’) sin a, 


the galvanometer-needles are in unstable equilibrium. 
In the galvanometer in question, 


D=0°5 cm., | 6=0:06 cm., 

m=0:01 gm. p=5-gm-; 
so that when the equilibrium is unstable, we have, neglecting 
é sin a in comparison with D, and putting cosa=1, 
382K mpc? 


HM—-M')= 5 


and the value of C is then given by 


73010 al 
C Satin 


ia 
sis C= =10 megohms (nearly). 


In reality much greater sensibilities can be obtained since the 
suspension is acted on by a force which is the difference between 
the magnetic force and the Newtonian attraction. A figure of 
merit of 800 megohms has been reached without being troubled by 
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changes of zero, but the above calculation shows that the New- 
tonian attractions are of the same order of magnitude as the 
magnetic forces, and therefore must be taken into account when 
constructing very sensitive apparatus of small dimensions.—The 
numbers given above are not all as given by the author, the paper 
containing several arithmetical errors. W. G. BR. 


724. Electric Discharge in Gases. O. Lehmann. (Wied. Ann. 
55. pp. 361-388, 1895.)— The author investigates the circumstances 
attending the are and the low pressure gas-discharge. In order to 
avoid interference from the walls of the containing vessel, this 
vessel consists of a large glass receiver 40 cm. wide and 40 cm. 
high. Under certain circumstances the are begins and ends at 
bright points on the electrodes, and in this case there is a brush of 
metallic vapour proceeding from each electrode. By comparing 
the length of brush from an iron electrode when it proceeds with 
and against the convection-currents, the author estimates the 
velocity of diffusion of the iron vapour at °14 m. per sec., which is 
probably much greater than the ordinary diffusion velocity. Hence 
he concludes that the vapour is ejected by electrical forces. He 
thinks that the presence or absence of the metallic brush is 
the essential difference between the are and the gas-discharge. 
The axial discharge is surrounded by a bright, sharply bounded 
aureole. Experiments were made to find whether this aureole is 
due to the presence of stream-lines, or is a chemical or fluorescence 
effect. A magnet deflects it as though it consisted of a bundle of 
stream-lines. Non-conducting obstacles cause it to be deformed 
but cast no shadow. <A thermometer shows almost no rise of 
temperature outside the aureole, but rises at once to 400° or higher 
as soon as it touches the outer limit of the aureole. Hence the 
aureole is probably made up of stream-lines, and there are none 
outside it. The author discusses the nature of striz, and concludes 
that they are due to partial discharges across well and badly con- 
ducting layers, and hence are perpendicular to the lines of flow of 
energy. ‘The paper is accompanied by numerous figures of dis- 
charges, stream-lines, striz, &c. Ole Wier (Cr 


725. Electrolytic Conductivity of Concentrated Sulphuric Acid. 
K. E. Guthe and L, J. Briggs. (Phys. Rev. 3. pp. 141-151, 
1895.)— Both the specific and molecular conductivities of sulphuric 
acid have a minimum which becomes less pronounced at higher 
temperatures, at a concentration which closely corresponds to the 
hydrate H,SO,+H,O. The authors have investigated this more 
carefully than has hitherto been done, the measurements being 
made by a method similar to the well-known one of Kohlrausch, 
the alternating current being supplied by a small dynamo of 
special design, and the telephone replaced by a sensitive dynamo- 
meter. Measurements are made on solutions containing from 
73:88-97 per cent. of H,SO,, at temperatures between 0° and 30° 
C. The following numbers are interpolated from the actual 

Zig 
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measurements. The numbers under molecular volume are the 
volumes in ¢.cm, which contained a gram-equivalent of H,SO, 
(=H,SO,). a is the temperature-coefficient of the solution, 
and is obtained from the formula 


Par pyg{I + a(t, —t,,) + B(tr—th.) $ * 


Og: 10°. eo3 PASE 
Mol. Mol. Mol. Mol. a 

Mol. | cond. | Mol. | cond. p Mol. | cond. Mt cond. p 

vol. 10722. vol. 1072 vol. x10722,] Vol ly yor! 

27-25 1:66 27°39 2-29 27°50 2°88 27°59 3°46 0-0271 
28:52 1:80 28°67 2°48 28°78 3:14 28°88 3°83 0:0291 
29°30 1:78 29°46 2°50 29°57 3:19 29°67 3°88 0:0294 
80°31 1:69 30°48 2°44 30°60 Is) 80°72 3°90 0-0315 
31:26 161 31:48 2°39 31:58 3:14 31:67 3:92 0:0326 
81°71 1:58 31°89 2°33 32°03 3°12 82°14 3:90 0:0338 
82°34 1:56 32°50 2°35 32°65 3:14 32°77 3:97 0:0346 
34:60 2-02 34:78 2°87 84-93 3°77 35°06 4:68 0:0321 
36:02 2:46 86:21 | 3-49 36°36 4-51 86°49 547 0:0295 
37:80 3:08 38°00 421 88°16 5:37 38°31 6°51 0:0290 
89°57 3°82 89°79 5:14 39°97 6:47 4011 We 0:0273 | 


p. appears to be expressed in reciprocal ohms. 

The numbers show that the minimum conductivity occurs at a 
mol. vol. of 32°1, independent of the temperature, and that, as 
Kohlrausch has already observed, the larger the conductivity the 
smaller is the temperature-coefficient. 

The conductivity of the solid hydrate H,SO,+ H,O is also in- 
vestigated, and found to remain unchanged by recrystallization 
under varying conditions. It is therefore probably not due to 
enclosed mother liquor. It increases very rapidly with rising 
temperature, but, as the following numbers show, it has at the 
melting-point of the solid hydrate, viz. '7°-5, a considerably smaller 
value than that of the liquid at the same temperature. 


Solid Hydrate, H,SO,.H,0. | Liquid Hydrate, H,SO,.H,0. 
Specific - Specific 
Temperature. | cond iutivity’ | Pemperatire: oondadeeer 
° | ary 
| —20°0 0846 x 10-2 ©} 
—150 1-147 eae ‘ 
— 80 1-755 | 
| 0:0 3:47 0-0 48°61 x 10-12 
| 5-0 | 8:06 | 4:8 59-12 
| 7-2 | 18°78 
75 | 28°44 
| 9°5 70°74 
| 11-0 75°63 


ee ee ee ee ee ee ee 
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726. Distribution and the Secular Variation of Terrestrial Mag- 
netism. (I.) LL. A. Bauer. (Am. J. Se. 50. pp. 109-115, 
1895.)—The paper is devoted to further substantiate the conclusion 
previously drawn by the author, that the two phenomena, the 
distribution and secular variation, appear to be closely related ; 
they obey similar laws, and seem to be connected in some way with 
the rotation of the earth. In the present paper the declination 
and dip are alone discussed. The conclusions drawn are :— 
(I.) The mean declination along a parallel of latitude is always 
westerly, the minimum occurring near the equator; the quantities, 
in general, increase upon leaving the equator. (II.) The mean 
inclination along a parallel of latitude follows quite closely the law 


tan l=2 tan 9, 


I being the dip and 9 the latitude. (III.) The minimum range in 
declination along a parallel of latitude occurs near the equator, 
generally increasing upon leaving the equator. (IV.) The maxi- 
mum range in dip along a parallel of latitude occurs near the 
equator, generally diminishing upon leaving the equator. (V.) The 
minimum average secular change in declination along a parallel of 
latitude from 1780 to 1885 occurred near the equator, the values 
generally increasing upon leaving the equator. (VI.) The maxi- 
mum average secular change in dip along a parallel of latitude 
from 1780 to 1885 occurred near the equator, the values generally 
diminishing upon leaving the equator. Wow. 


727. Compounding Dynamos for Armature Reaction. E. Thom- 
son. (T. Am. Inst. El. Eng. 12. pp. 394-403, 1895.)—The 
object of this paper is not to bring forward any method which the 
author considers at present fit to introduce for neutralising arma- 
ture-reaction in direct-current dynamos, but to show the possibility 
for the armature-current to neutralise its own effects in a proper 
structure and waintain, or even increase, the potential at the 
brushes under a heavy load. The result is accomplished by winding 
only alternate poles in a multipolar machine, the others remaining 
“dead” poles, being excited by the armature-current only. De- 
tails of such a machine are given, and the results of an experi- 
mental] investigation of the variation of the difference of potential 
at the brushes. The results are extremely satisfactory ; though, 
as the author remarks, the machine described is chiefly interesting 
from its theoretical aspect. The object is attained inasmuch as 
armature-reaction does not cause a drop of potential at the ter- 
minals of the machine, but the cost per horse-power is increased. - 


W. G. R. 


728. Double Refraction of Electric Radiation. P. Lebedew. 
(Wied. Ann. 56. pp. 1-17, 1895.)—The author has obtained the 
phenomena of double refraction of electric radiation in a natural 
crystal, the wave-length used being 6mm. The oscillator consisted 
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of two platinum cylinders, each 1-3 mm. long and 0-5 mm. diameter. 
These were fused into the tips of glass tubes and charged by wires 
from within them, connected to an induction-coil giving 30 inter- 
ruptions per second. The oscillator was placed in the focal line of 
a cylindrical mirror of circular cross section, 2 cm, high, 1:2 cm. 
wide, and 0:6 em. focal length. The spark-gap between the two 
parts of the oscillator was 0:02 mm., the sparks passing in petroleam 
in which the oscillator and mirror were both completely immersed. 
The beam of electric radiation passed out of this bath through a 
mica window. A second cylindrical mirror of parabolic section, 
2cem. high, 1:2 cm. wide, and 0:14 mm. focal length, served to 
concentrate the radiation upon the resonator. This consisted of 
two straight conductors, each 38cm. long. At the inner ends of 
these one junction of a thermo-electric couple was placed, the whole 
resonator and mirror being inclosed in a screen to protect the 
junction from air-currents. The radiation incident upon the 
resonator is estimated by the first throw of a galvanometer 
connected with the thermo-electric couple. This galvanometer 
gives a deflection of one scale-division for a current of 6x 10—% 
amperes, and, to avoid external magnetic disturbances, is inclosed 
in an iron screen 2 em. thick. Both mirrors stand upon a spectro- 
meter: the focal line of that containing the oscillator is fixed 
vertical, while the mirror for the resonator is carried by an arm 
and is capable of rotation about the electric beam as axis. The 
distance between the two mirrors was usually 10 cm., and the 
galvanometer-throws then obtainable ranged from 20 to 30 scale- 
divisions. With this apparatus Hertz’s fundamental experiments 
were readily repeated. For polarisation phenomena a 2 cm. square 
grating of 20 thin wires was used, the behaviour of such gratings 
with the focal lines of the mirrors parallel and crossed being 
identical with that observed by Hertz. The wave-length of the 
electric radiation was easily obtained by Boltzmann’s method, 
in which two plane mirrors are used to produce interference- 
phenomena. A maximum, a well-defined minimum, and again 
a feebly-marked maximum were obtained with differences of paths 
of 0 mm., 2-3 mm., and 5-6 mm. respectively. With greater 
differences of path no further periodic fluctuations were observable, 
a proof that the oscillations under examination were strongly 
damped. According to these observations the wave-length was 
taken to be A=6 mm., which agrees with the value obtained by 
measurement of the apparatus. The transparency to this electric 
radiation of insulators (ebonite, mica, and glass) and the opacity of 
metallic conductors were also verified. For reflection, a plane 
metallic mirror 2 cm. square was found suitable. In order to 
demonstrate refraction, the author used an ebonite prism 1°8 cm. 
high, 1-2 cm. wide, and with a refracting angle of 45° and weighing 
barely 2 gm., whereas that used by Hertz weighed about 600 kgm. 
The prism was set up on the spectrometer-table, distant 3 em. from 
the primary mirror and 7 em. from that of the resonator, the readings 
being taken, as usual in optics, for the two positions of minimum 
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deviation. To obtain the exact position of the deviated ray after 
passing through the prism, galvanometer-throws are taken with the 
resonator in various positions along the graduated circle of the 
spectrometer. A curve is then plotted with angular positions of 
resonator as abscisse and galvanometer-throws as ordinates. From 
this curve the position of maximum throw can be determined within 
about 3°. The refractive index of ebonite was thus determined to 
be n=1-6. The square roots of the various determinations of the 
dielectric constant for ebonite vary between 1:4 and 1:8, thus 
agreeing, within the errors of observation, with Maxwell’s Law. 
The smallness of the waves here used made it possible to carry out 
the fundamental optical experiments with crystalline media. For 
this purpose the natural rhombic sulphur was specially suitable both 
on account of its high insulation and the marked difference between 
its two indices of refraction. The determinations of these from 
the minimum deviations produced by prisms of the crystal gaye 


m,=22 and n, = 2:0. 


These again agree well with the square roots of the dielectric 
constants as determined by Boltzmann, viz., 


V4:77=218 and 0381 = 1°95. 


The-electrical analogue to a Nicol’s prism was then constructed as 
follows :—A parallelopiped of crystalline sulphur, 2m. by 1°8 em. 
by 1:2 cm., with its edges parallel to the dielectric axes, was cut 
into two parts, and between them a plane ebonite plate, 1°8 mm. 
thick, introduced. The electric radiation incident upon this prism 
was divided into two components, one of which suffered total 
reflection at the ebonite plate and emerged sideways, while the 
other component was freely transmitted. With this ‘‘ Nicol” the 
usual optical phenomena were obtained. A quarter-wave plate for 
the electric radiation X=6 mm. was ulso made of sulphur crystal, 
its dimensions being 2 cm. square and 6 mm. thick. With this 
plate circular polarisation and the other ordinary optical effects 
were readily reproduced. Hts .B; 


729. Phasing Transformers. C.S. Bradley. (‘T. Am. Inst. 
El. Eng. 12. pp. 494-506, 1895.)—The author gives the name 
“phasing transformer” to an arrangement of transformers, con- 
densers, etc., by means of which a three-phase current can be 
obtained from a single-phase generator. The object in view is to 
show that there is not any need to change the nature of a single- 
phase plant at a central station in order to use tri-phase induction- 
motors. The arrangement consists of two primary coils—one a 
simple coil, and the other a compound one containing a capacity. 
The two primaries are placed in series with each other and with a 
single-phase generator. To the simple primary coil correspond three 
secondary circuits, and to the compound primary two secondaries. 
Naming these circuits a, 6, c, d, ¢, one phase is obtained from 
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a and ¢, another from 6 and d, and a third from. By a proper 
adjustment of the ratio of the capacity and the self-induction, the 


three currents may be made to differ in phase by any desired 
amount. W.G. RB. 


730. Magnetism of Iron Cylinders. Ascoli. (Rend. Acc. Line. 
4. 1, pp. 341-346, 1895.)—The author discusses the objections 
raised by Grotrian to the observations recorded in previous papers 
(see Abstracts Nos. 321 and 327). W. W. 


731. Secular Motion of a Free Magnetic Needle. GL. A. Bauer. 
(Phys. Rey. 2. pp. 455-465, 1895, and 3. pp. 34-48, 1895.)—This 
is a paper, in English, dealing with the same subject as that 
referred to in Abstract No. 248. WwW. W. 


732. General Alternate-Current Transformer. C. P. Steinmetz. 
(T. Am. Inst. El. Eng. 12. pp. 351-365, 1895.)—The author defines 
a general alternate-current transformer to be any electromagnetic 
apparatus which consists of a magnetic circuit interlinked with two 
electric circuits-—one, the primary circuit, being excited by an 
impressed E.M.F., while in the other, the secondary circuit, an 
E.M.F. is induced. The above definition obviously includes both 
the ordinary alternating-current transformer and the induction- 
motor. In the general alternating-current transformer, therefore, 
changes may take place in E.M.F., current, and also in frequency, 
since the secondary circuit may be either stationary or movable. 

Let k = ratio of secondary frequency to primary frequency, or 

the ‘ slip.” 
n, = number of primary turns in series per circuit. 
n, = number of secondary turns in series per circuit. 
a =n,/n, = ratio of turns. 

= p,+jo, = primary admittance per circuit, where 
p, = effective conductance = ratio of hysteretic energy- 

current to H.M.F., 


o, = susceptance = ratio of magnetising current to E.M.F., 
j = the imaginary ¥ —1, with its usual interpretation. 
» U,=7r,—7s, = internal primary impedance per circuit, 
where 
r, = effective resistance of primary circuit, 
s, = reactance of primary circuit. 


» U,=7,—jks, = secondary impedance, where 
s, = secondary reactance at standstill, and 
r, = effective resistance of secondary coil. 
Let the secondary circuit be closed by an external resistance r 
and an external reactance ks; so that 


U =r—jks = external secondary impedance. 


ELECTRICITY. 451 


Let E, = primary impressed E.M.F. per circuit. 
= E.M.F. consumed by primary counter E.M.F. 
= secondary terminal E.M.F. 
'= secondary induced E.M.F. 
» ¢€ = E.M.F. induced per turn by the mutual magnetic flux, 
at full frequency. 
» OC, = primary current. 
»» C,,= primary exciting current. 
» C, = secondary current. 


We then have 


Secondary induced E.M.F. = E,' = kng, 
Total secondary impedance = U,+U = (r,+r)—jk(s,+s) ; 


therefore 6 
ie wate = (Er) eee: : () 
Also E, = E,'—0,U, =0,U 
r,—jks 
hag { nae en 
ee those ety) Mate) 
(7, +7) —Jk(s, +8) 
Again, BE, = —1,¢3 
therefore C,.= E, ¥, = —2,¢(e. +J%)- 


The component of the primary current corresponding to the 
secondary current, C,, is given by 


Wee eirusia incon o> gare 


a 
n,ke 


iin vir, Tt) —jk(s, +s)} ; 
therefore C, = C,,+¢, 


1 c Py +I%, } 
: + eo tA) 
{ a (r, +7) —jk(s,+ s) k 


The primary impressed E.M.F., 
E, = BE, +¢,U, 


oe r,—J8, 20, +30.) } 5 
= —N¢ l+a (r+ r)—jk(s, 2 an Ce J8o) (p Jo.) ( ) 
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From these we deduce that the ratio of the primary to secondary 
current is given by 
Cael a : ; 
CG. Famed OTC ae 1+—(,+7¢,) sce *) jk (8,+ s)] ’ . (6) 
; a k 


and the ratio of the E.M.F.’s is 


ke un —=J8, ae * 
hala Gar ae ye es 


al eee ee, | oe, 
(7, +7) —jk(s, +8) 


The total apparent primary impedance is given by 


Do 
E, 


aD) 2 : 
U,= ron = z {(r, +7) —jk(s,4 s)} 


Mile ie Seley a 
a* (r, +7r)—jk(s, +s) 


1+ 7 (oot Joint) Jes, + 8)] 


| Le + (7,980) (P9 +520) 
| TE 


x 


Equations (1) to (8) furnish a complete solution of the trans- 
former problem, whether the secondary circuit is movable or 
stationary. 

The general equations of the ordinary alternate-current trans- 
former are obtained by putting k=1, and those of the induction- 
motor with short-circuited rotor by putting U=0. 

The paper contains a discussion of these equations, and expres- 
sions are obtained for the input, output, and the various losses in 
the primary and secondary circuits. There are several misprints 
in the mathematical portions of the paper. 

Equation (3) seems to require justification. We know that the 
magnetic flux in an induction motor is not constant; so that for 
equation (3) to be correct would require that C,, should be variable. 
It is not stated explicitly whether the currents and E.M.F.’s are 
mean, maximum, or virtual, and the nomenclature in general is 


very vague. W...G. RR, 


733. Magnetism of Volcanic Rocks. G.Folgheraiter. (Rend. 
Ace. Line. 4. 1, pp. 2038-211, 1895.)—A number of specimens 
were examined by a rough magnetometric method—first, as found ; 
secondly, after heating to 800°-1000° and cooling in the earth’s 
field ; thirdly, three months later. Most of the specimens were 
found to increase much in magnetisation by heating, and retain , 
their magnetism afterwards. But “peperino” before heating 
possesses only temporary (induced) magnetism for the most part ; 
after heating it becomes like tufa; and basaltic lava “con punti 
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distinti” possesses before heating much more magnetism than the 
earth’s field is capable of producing, and therefore seems to owe its 
magnetisation to some stronger source. B.A; TG. 


734. The Earth a Magnetic Shell. F. H. Bigelow. (Am. 
J. Se. 50. pp. 81-99, 1895.)—The author has, for some 30 
stations at which hourly observations of the magnetic elements 
have been published, calculated the direction and magnitude of the 
vector representing the effect of the sun on the earth’s magnetism. 
The results obtained incline the author to suppose that the earth 
consists of a holiow magnetic shell filled with a relatively magneti- 
cally impervious nucleus. The author also considers the action 
of the sun on various terrestrial meteorological phenomena. 


WoW, 
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735. Effect of Centrifugal Force upon Chemical Systems. Ge 
Bredig. (Zschr. phys. Chem. 17. pp. 459-472, 1895.)—As far 
back as the beginning of this century an attempt was made by 
Gay-Lussac to discover whether a homogeneous vertical column of 
salt solution exhibited any change of concentration in the direction 
of its length under the action of gravity. He obtained a negative 
result ; and it has since been shown, from thermodynamic consider- 
ations, that the changes of density which would be thus produced 
are so small as to be scarcely perceptible. Recently, Th. des 
Coudres has shown that similar effects should be produced by 
centrifugal force; and these are more suitable for experimental 
measurement. The author considers in detail the case of a 
rotating mixture of gases, and shows that if the system, imme- 
diately after the rotation, be divided into two parts by a plane 
perpendicular to a radius, the relative (and also the absolute) con- 
centration of the gas which has the greater molecular weight will 
be greater in the outer than in the inner part. Thus it is possible 
to “ centrifugally fractionate” a mixture of gases into its con- 
stituents. Experiments were made with a mixture of hydrogen 
and hydriodic-acid gas in a tube 16 cm. long, with a stopcock in 
the middle: this was rotated on a centrifugal machine making 
about 38 revolutions per second. It was found possible to separate 
the gases to the extent of about 3 per cent. Applications to 
heterogeneous systems (distillation of water, crystallisation, etc.) 
are also discussed. DEJ: 


736. Amalgams of Iron. A. Zamboni. (N. Cim. 4. 2, 
pp. 26-36, 1895.)—The author has prepared amalgams of iron by 
the electrolysis of an aqueous solution of ammonium ferrous 
sulphate, using an iron plate for the anode and a surface of 
mercury as the kathode. The amalgam obtained is strongly 
magnetic, more so than the black powder formed by its decom- 
position. If the magnetising or demagnetising force is slowly 
changed, it is found that the change in the magnetic state of the 
fluid amalgams is accelerated by tapping. With solid amalgams, 
however, this does not take place. The perimanent magnetism 
which the amalgams are capable of retaining decreases with the 
increase of the mobility of the amalgam. W. W. 


737. Ostwald’s Formula for Constants of Affinity. M. 
Rudolphi. (Zschr. phys. Chem. 17. pp. 385-426, 1895.) 
To express the effect of dilution on the conductivity of binary 
electrolytes, Ostwald gives the tormula 


ee _(Av/Aw)” 
u1—A,/Aw y 
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where & is a constant (the ‘coefficient of affinity ”), v the volume 
of solution in which one gram-equivalent of the electrolyte is 
dissolved, and d,, .. the molecular conductivity at dilutions of v 
and infinity respectively. Although this expression holds good for 
a great number of weak acids, for strong acids and bases and 
neutral salts it does not express the facts. The author modifies it 
by writing 
2 NG 
— = ’ 
MV u(1— e/a) 


and then finds that, for many acids and salts, k depends only on the 
nature of the electrolyte and of the solvent, and is independent of 
the volume and temperature while the dilution varies from 4 to 
128 litres. Analogous salts and acids of similar elements have 
nearly equal constants. A long series of tables are given, showing 
the molecular conductivities and constants of affinity of many 
electrolytes. W.C. D.W. 


738. Heat of Solution. HH. Jahn. (Zschr. phys. Chem. 17. 
pp- 550-551, 1895.)—The author points out that, in a paper by 
Rudolphi on the heat of solution and dissociation (Zschr. phys. 
Chem. 17. p. 277), the equation 


giving the heat of solution (W,) of a molecule of a solid in its 
saturated solution at a concentration C, is used for electrolytes. 
To these it does not apply, owing to the dissociation of the 
molecules into ions at the instant of solution. If C, denotes 
the concentration of the undissociated, and C, that of the dis- 
sociated portion, the author shows that the total heat developed 
by the solution of a molecule of an electrolyte is given by 
es, i - (OU) eo: 
H C,+C, \oT 2 at) 

Values for the silver-salts of the acids of the acetic-acid series are 
given. W, CoD. We 


739. Diffusion in a Cylinder of Finite Length under the Influence 
of Gravity. T. Des Coudres. (Wied. Ann. 55. pp. 213-219, 
1895.)—The author considers mathematically the effect of gravity 
in producing changes in the concentration of an originally uniform 
salt-solution contained in a vertical cylinder. Gravity tends to 
produce, and diffusion to destroy, these changes. If A; and A, 
are the differences in concentration at the two ends of a cylinder 
of length at time ¢ and after an infinite time respectively, and 
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a is the diffusivity of the salt, then approximately 

A: _ { 16at i 

ie ae 1 ah? 3 
provided at/h? is small. The expression for A,, by itself involves 
quantities which cannot be experimentally determined. tet ie 


740. Argon and Helium in Mineral Waters. C. Bouchard. 
(C. R. 121, pp. 892-894, 1895.)—Certain alkaline mineral waters 
contaning sulphide and silicate of sodium, occurring on both sides 
of the Pyrenees, evolve fine bubbles of gas which are chiefly 
nitrogen. The author, in conjunction with Troost, collected some 
of these gases at Cauteret from various sources, dried them over 
potash and phosphorus-pentoxide, heated them for 48 hours over 
magnesium, and then passed the residue into Plicker tubes with 
magnesium wires, in which the nitrogen spectrum soon disappeared. 
The gas from the Raillére rivulet, spontaneously evolved or obtained 
by boiling, gave the argon and helium lines ; gas from the sources of 
the Bois only the helium lines ; gas from another (colder) spring of 
the latter rivulet, besides helium, certain red and orange lines of 
unknown origin. On the Spanish side, these waters are known as 
the Azoades, and their medicinal value used to be ascribed to the 
nitrogen. As argon is not found in all these gases, the author 
believes that it must partly come from the interior. Analyses of 
the waters are not given, AD. 

741. Combination of Argon and Heliumwith Magnesium. IL. 
Troost and L. Ouvrard. (C. R. 121. pp. 394-395, 1895.) 
Experimenting with Bouchard’s gas (see preceding Abstract), the 
authors find that it is unnecessary to heat the gases first over 
magnesium or lithium. They may at once be introduced into 
Plicker tubes, with magnesium wires connected to a Ruhmkorff 
with a Marcel Deprez interrupter. At first the absorption of 
nitrogen proceeds slowly. When, however, the electrodes begin to 
heat with decreasing pressure, the nitrogen combines rapidly with 
the magnesium vapours, which settle as a mirror on the glass. 
Fresh gas may be introduced when the nitrogen-lines have dis- 
appeared. If a strong discharge is maintained for several hours, 
however, both argon and helium appear to combine with the 
magnesium-vapour, and the lines begin to fade. Platinum elec- 
trodes cause a similar combination in an argon atmosphere. H. B. 


742. Colour of Ions. G. Magnanini. (Rend. Acc. Line. 
4, 2, pp. 60-63, 1895.)—Experiments with violuric and dimethyl- 
violuric acids and their potassium salts are favourable to 
Ostwald’s theory of the colour of ions. So also are some obser- 
vations with two other organic preparations which have acidie 
characters. Soe 
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